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preface. 


Tttt: poionco and praotio(‘ of Dairvinp; const ant ly broadening. 
Tlio different jdiast's of tlii^’ industry eannot now be niast('r(‘d in so 
sliort a tini(‘ as years ag(/, wluai coinparal i\'('ly was ' novvn 
about th(' prinei])l(‘s ii]K)n wiiieli dairying is now* staain'ly basial. 

In ronneetion willi tlu' tc'aeliing of tlairving in tlu* spt'cial 
four->aai (‘()urs(^ at tli(‘ Iowa State ('oll(‘g( , a. s(‘t of l(‘(‘tur(‘s on 
advan(‘(Ml biitti'i’-iiiaking was ])r(‘])ar(Ml. In (‘onipiling these 
leotui'c's si)(*eial (‘luk^avors weax* ex(‘rt(‘d toward eniluxlying the 
})rineipl(\s of butter making, as W(dl as t]i(‘ b(‘st practice of this 
art, in tliis as W(‘1I as in fonagn count ri(\s. 

Tlie authors have* st udical, by p(‘rsonaI observation and 
})i-ac{ic<\ |]i(' Ix'st and most juogn'ssivf^ meiJio.ls ('mj)lov(Ml in 
but tei -making in tli(‘ principal dairy count ri(‘s of lh(' world, aiid 
ha\f‘ end('a voted (o ineorporatc* tliest* in tJiis work Jn con- 
tact ion witli this jtractical ])lias(‘ of th(‘ (jU(‘stion, tiic authors 
hav( (‘nd(‘avored to giv(‘ ‘ucJi n‘lat(‘d scitaititic information as 
iii.iy })(' of int('rest and a alias d'lie g(‘n(‘ra! scientific knowlcxlge 
lias b<'(m absorbed frenn tinu* to tim(‘ from work done by various 
iu\ (‘st igaUax at tlie ditfenmt ik\jM‘rim(‘nt Stations. To all of 
llu'^e nam who liavi' s(*arched for and (liscovenal facts bearing 
upon dairying, th(‘ authors wish to e.\j)r(‘.ss thanks and acknowl- 
falgnamt . 

Th(‘ statistics and tabh‘s given in tliis work have Ixon quotiai 
from not«‘d reliable autlKH'ities as indicate<l. 

The authors believe that the subject of dairying should no 
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loijger bo tronlod as ono wliolo. For this reason such sul)jocts 
as T(\slin^ Milk and its Ih'oducts, I)air>^ l^actc^iolog}^, Choose- 
rnahing, and d'c'chnolo^y of Milk and its Products^ have not been 
tn^atod c()in{)r(h(‘nsiv(‘]y in tins work. 

Those h'cturc's have* b(‘(‘n us(‘d, inodifi(‘d and changed, and 
und(T ])r(‘j)arati()n for s(‘Veral yc^ai’s. At th(‘ ])r(‘S('nt time the 
writ(‘rs h(‘lio\'(‘ they are in such a condition as to warrant tlie 
pi3fbli(‘ation of tluan. 

‘ T)i(‘ authors admit that in our ])ros(‘nt state of knowhalge it 
is in sonH‘ instance's ditliemlt to distinguish W('ll-('sta])lish('d facts 
froiTi thoM‘ iiot so univea-sally c()ntirin(Ml. ]{ has b('('i? the object 
of tlic writers to give' such iidbnnation as is supported by the 
]>re'pe)nde‘rane'e' of e'xpe'rime'ntal e‘vide'ne*('. 

The' aiithorsare' alse) inde'btevl to the' fe)llowing parties fe)r 
the use' of e'l('(‘tre)t yjH's : Mowe'i-IIarweeexl Co., and Clu'rry 13re)s., 
Ce'dai’ Hapids, la. ; ('re'ame'ry Pae*kage' Co., Whil e'rloo Cre'ain Se'j). 
(\)., and Iowa Se‘[)arator Co., Wate'rloee, la.; \(‘rmont Parin 
Max'iiine' (k).. Ik'llows Idills, Ad.: Je'nsc'n Mfg Co., Tope'ka, 
Kan^.; t ).\ f ihe'r Brush Ce)., Xalional Cre'ame'ry Suj)ply Co., 
] nt e'rnat ional llarve'ste'r Co., Davis Cr'ani Sep Co., Borden 
Se'lle'ck (\)., and De' Laval Se'p. Co., Chie'ago. 111.; Wdigiu'r Glass 
Work^, and .1. IL .Meenrad, Xe'W \d>rk, A'.; Bnrre'll A Co., 
Inttle' I'dvlls, \. Ad; Ihnpire' Cre'am Se'p. Co., Bloondie'ld, N. J.; 
Dairy f l<>^’a, 1 nd. ; 1 )airy Record, St. Paul, Minn., 

and \\d D. 1 heard, Ft. Atkinseen, Wis. 

G. L. MedvAY, 

C. Larskx. 

Iowa Sihtk ( oLCpaiK, I>aiuv 1 eEPAUTMKVT. 
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CIIAPTEK* T. 

(OPPOSITION OF MILK. 

Definition. — Normal milk is a liquid s(oi'ot(Hl in s])0(*ial 
glands of all f(‘m:\l(‘s l>(*lono-in<i; to tlu' mammalian ^.!;iou|). It 
is comjxtsc'd (‘liidly of wat(‘r, protdds, fats, sii,f::ar, and miiu'rals. 
('olorini^-matUa's and g’asc's and sonu^ organic* <a(*ids aiv found 
in small (juantiti(‘s. 

All normal milk from th(‘ diff('r('nt classc's of animals, such 
as man*, huiTalo, ^oat, vwo, ass, and cow, has a ^(‘iKM’al rc'scmi- 
l)lanc(^ in that it all contains wat(‘r, fat, ])rot(Mds, su^ar, and 
ash. l^m milk from diiTenmt. animals vari(‘s in tlu' relative 
])ro|)ortions of its constituents. Tlu' cluMiiical and ])hysical 
{)ro])('rtic‘s are not alik(‘ Human milk, when treatc'd with 
iialf Its vv)lume of ammonium hydrat(‘ and th(‘ mi\tur(‘ ke])t 
at a t(Mn])(‘ratui’e of GtP c(‘ntigrade for about twimty .ainutc's, 
a>Mun(‘s an int(‘ns(‘ red color. Tow’s milk turns faintly ycTow 
if treated in tla' same wav. This t('st was r(‘]H)rt(‘d by I'nikoff, 
of St. ]Vt('rsbur^, at tlie iiHadin^ of tlu' Mcalical Scadion, Boyal 
.\ca(l(Mny of l\I(Mlicine^ in IrcTind. The \'arious kinds of milk 
aho differ from each othfu* in thdr bdiavior towards rxmiKd. 

1 Richmond has divickal milk into tw’o (lasses: Class I includ(‘s 
milk from the ew’e, buffalo, goat, and cowa ^Vlum reniud is 
added to the milk from thc'se animals, the casein coagulat(‘s into 
a firm curd. Class TT includ(\s human milk, milk of the ass, 
and mare. When rennet is added to the milk of these animals, 
a soft curd or none at all is fornuHl. The latter cla.ss scaans 
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to include the animals without horns, while the first includes 
those with horns. 

As the cow’s milk is used chiefly as a food, it has been 
subjected to more extended and more careful investigation 
than the milk of other animals, and, as a consequence, more 
definite knowledge has been obtained concerning its com- 
position, ])roperties, and uses. The succeeding discussions 
have reference to cow’s milk, if not otherwise stated. 

Composition of Milk.— It is impossible to get accurate 
figures on the composition of milk, as each of the milk con- 
stituents is subject to fluctuation from various conditions, 
such as individuality of cow, breed, season of the year, lacta- 
tion period, milking, and environment. 

’Fhe average^ composition, as dc'tcTmined by 200,000 analyses 
reported by Richmond as follows: 


Water. 
Fat . . 


Milk-sugar, 


Proteids 


I (’asein. . 

I AlbiiiiK'n 


Asli 


87.10 

3.90 

4.75 

3 

.4 


Th(‘ comj)osition of various kinds of milk is given ])y Kiinig 
as follows: 


1 

i 

No ..f 1 
Allah 

Water. 

Fat. 

aiiti 

Alliuinen. 

Milk- 

•suRur 

AOi 

specific* 

Oiavity. 

Human 

107 

8*7 41 

3 78 

2 29 

0 21 

31 

1 0270 

Mar(‘ , . . 

7)0 

90.78 

1 21 

1 99 

5 ()7 

.,35 

1 f«47 

I^\irialo 

S 

82 27) 

7 .51 

.5 05 

4 44 

. 7.5 

1 03.50 

Ass . 

/ 

89. (H 

1 ()4 

2 22 

5 99 

.51 

1 0345 

( 'ow 


87 17 

3 09 

3 .55 

4 88 

.71 

1 0316 

I'AM' . 

32 

SO 82 

0 8() 

6 52 

4 91 

.89 

1 03 41 

( loat . . 

1 38 

8.'', 71 

4 78 I 

4 29 1 

4.46 

.76 

1 0328 

Sow . 

8 

84 0 4 

4 .5.5 

7 23 i 

3 23 

1 .05 

1 038 

Hitclj , 

1 2S 

7ry 44 

9 .57 

11 17 j 

3 09 

73 

1 035 


3 

79 M) 

9 10 

‘2 51 1 

8 59 

..50 

1 0313 

1 h[)}K)}>olamu.s 
( am(‘l. ... 

J lama 

1 

3 

m 43 
80 .57 

4 .51 

3 07 

4 

4 40 

5 .59 

.11 

77 

1 042 

3 

80) 7)7) 

3 15 

3.90 
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Variation of Total Solids. — As applied to milk, Total 

Solids/’ is a term that includes fat, casein, albumen, sugar, 
and ash; in other words, all the milk constituents except the 
water. ^'Solids Not Fat” is a term often used, and includes 
the casein, albumen, sugar, and ash, or all the milk constituents 
{‘xcf^pt water and fat. Serum ” is a term used to designate all the 
milk constituents except the fat. The fat is the most valuable 
constituent, of the total solids. The variation in the total 
solids of milk during the summer months is shown in the table 
quoted below from Dr. Van Slyke of Ceneva, New York: 


Month. 

IVr rvnt 
of W .i1 or. 

I’ot (Vnl o 
I'otal Solid! 

May . . 

N7 1 1 

12 .70 

Juae 

s7 :n 

12 (>9 

July. , . 

... S7 7)2 

12 IS 

Aup:usi 

(S7 37 

12 03 

Scptenibor 

S7 

13 

October 

SO 

13 4.7 


Dr. Van Slyke also vstudied the efhvt of tlu' lactation period 
upon the total solids in milk. A herd of fifty (*ows, calving 
in different months of the y(‘ar, was us('d in the (‘XjK'j’inu'ut . 
The ])er cent of total solids of this h(a*d seems to av('rag(' a 
little high all through the t('n months. The total solids w('re 
found to be during the lirst month, d(H*reasing to 
during the next two montlis, then gradually increasing wdh tJie 
advance of the lactation period. In the tenth month the av(‘rage 
total solids was Filigree, of Feiinsylvania, rejiorts 

having found normal milk from a cow, which contained 17.01% 
total si'lids. 8h(‘rman * reports a very high average total of 
tlie milk solids, lie treated the milk from thirteen {‘ows, 
and found it to contain on an average 18.03%, of total solids. 
Kdnig reports a minimum of total solids of 9.31%., a maximum 
of 19.68%,, and an average of 12.83%,. The average total 
solids quoted above from liichmond is 12.90%, which agrees 
closely with Kdnig’s results. 


* Jourii Am. Chem. Soc. 



butter-making. 


4 “ 

The difference in total solids of milk from some of the 
leading breeds has also been studied by Dr. Van Slyke, and 
the results are as follows: 


Breed. 

Per Cent 
of Water 

Per Cent of 
Total Solids. 

IlolKtein 

88 20 

11.80 

Ayrsliire. ..... 

87.25 

12 75 

Shortliorri . . . 

85 70 

14.30 

Devon . . 

85 50 

14 .50 

Guernsey . ... 

85 10 

14 90 

Jersey. . . 

84.60 

15.40 


The maxirtium and minimum amounts of total solids men- 
tioru^d above ai'e abnormal cases. The normal variations of 
the solids in milk are within (‘omparatively narrow limits. 
For this reason the minimum standard for total milk solids, 
in stat(‘s where dairy laws are in force, is fixed by law. Usually 
12^ is the minimum. 

Water. -Ih’om what has been said above concerning the 
total milk solids, it will ])e seen that water constitutes by far 
th(' largest portion of milk. It is (juite uniform, and in milk 
from a mixed herd the water seldbm falls Ixdow (SG^J; and 
s(*ld()m exc(‘(‘ds 88*^ y. Variations ranging from a little h'ss 
than to a trifl{‘ over are on record. But such varia- 
tions m\ist be looked upon as occurring in only a vciij few special 
cas(\s. 

It has often been asserted that cows in the spring of the 
year, wlam th(\y aie pasturing on new grass, or feeding on other 
succulent foods, yi(‘ld milk which contains an excess of water. 
Under such conditions there is a tendency for cows to pro- 
du(‘e milk with a water (*ontent a trifle higher, as has already 
Ixen shown by the figures quoted from Dr Van Slyke. As a 
rule this is much oviTcstimated. It is even a common occur- 
rence to hear cn*amery operators say that their ''sofU’ or 
‘hslushy ” butter, in the early spring, is due to the excess of the 
Avater jircsent in the nnlk. This }>articular phase will be dis- 
cussed further under the heading of “ Fats in Milk.'’ 

The question has often been raised: Is the water in milk 
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the same^ or any more valuable than water obtained from 
other natural sources? The water in milk, so far as known, is 
transuded from the blood-vessels in the udder into the milk 
glands. It is so perfectly mixed With the other milk con- 
stituents, and holds the milk solids in such perfect emulsion 
and solution that it would seemingly be impossible to prepare 
milk so perfectly by artificial means. However, a substance 
is pre})ared by Jacob C. Van Markon, Neuweid, Germany, 
which, when added to water, produces a substance similar in 
ap})(‘arance to waten^d skimmed milk. 'Fhe ])reparation is 
nafned “ Kalberrahm Vita.’' The first name literally means 
calf-cr(‘ani. It has a syrupy consistency, and in appearance 
resembles light-brownish molasses. It is sold in tin cans, and 
recommended highly for calf-feeding wlaai mix(‘d with skimmed 
milk. When mixed with water, it is recomnuaided highly for 
hog-f('eding. 

Water distilled from milk has the same a])pearance as ordi- 
nary distilled water. It is clear and colorh'ss. The chemical 
reaction when ph(‘nolphthal(‘in is us(‘d as an indicator, is neutral, 
the sam(^ as tliat of ordinary distilknl water, even when dis- 
till(‘(l from milk ii\ which acid has d(‘veloped. But there is 
a considenible difference in the taste and smell. This indi- 
cates that some of the volatile substances are distilled over with 
the water. The probability is that these flavoiing substances 
are so closely associated with water in milk that lluy are in- 
separable, and that the only place where this water can be 
prepar(‘d so as to assume thes(‘ (lualities is in th(' cow’s udder. 
The conclusion would then be that the water in normal cow’s 
milk cannot be distilled and substituted again by natural 
water and the product retain its normal good flavor. 

Fat in Milk. 

This is by far the most important constituent of milk, 
especially to creamery oi)erators. It exists in the milk in sus- 
pension, in the form of globules so small as to be invisible 
to the naked eye. According to the best authorities, fat- 
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globules, at ordinary living-room temperature, are present in 
milk in a liquid form. Cooling the milk to a very low tern- 


a. Skim milk. 
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d, Colontrutn. 

o 
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1 Micro.si vipicjvl fip|>earaiice of (lifferent kinds of milk. Magnified 
.iOO t linos. (U. IS. J'annors’ lUil No 12) 

pe^ratiire (about V,) liardens tlieiu. AVIkui the glo})ules are 
caused to uait(\ as in (duirniiig, lh(*y also solidify. 

The size' of tin.' fai-globules is very minute, and varies eon- 
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siderably, according; to breeds, individual cows, and the stage 
in the lactation period. The globules in the milk from the same 
cow also vary a great deal. Lioyd found that fat -globules in 
Jersey milk to be from 8 to 12 micro-niillii icters in diameter. 
Very few were less than 4 micro-millimeters (a micro-milli- 
meter is millimeter, or inch). The majority 

of the fat -globules in milk from Shorthorn cows in«'a^ured from 
() to 8 micro-millimeters in diameter. According to Fleisch- 
manii, the size of fat-globules varies between J.6 micro-milli- 
nuhers and 10 micro-millimeters in diameter. A Danish in- 
v(\stigator maintains that the diameter of fat-globules is 
between .0008 and .00014 millimeters, and that 1 cubic centi- 
meter of milk contains from 2.0 to 11.7 million globules. He 
also asserts that a nJlcction of the light rendiTS it very difficult 
to get the proper size of the fat-globules, as the light tends to 
mak(' the globules apt>ear larger than they are in n^ality. 

It lias been maintained by some that the larger fat-globules 
(‘ontain fats which are different from those contained in the 
smaller globules. Ihit this is by some investigators considered 
to be a matter of conjecture. Most authoriti(\s now believe 
that there' is no difference in the kinds of fat of the different- 
.->izt'd globiih's, (‘ven though some (‘X])eriinents * show that fat 
coinposc'd of larger globules has a finer flavor, and a little more 
oily ajipe'arance. 

Phom wliat has been said, it will be seen that the minute- 
ness of th(‘ fat-globules is almost inconceivable. They were 
first eliscovered in 1097 by A. von Leeuwenhoek. The minute 
state of division, or the form of emulsion in which they exist 
in milk, renders it easy to dig. when consumed as a food. 

Properties of Fat. — The specific gravity of pure butter-fat 
at 15° centigrade is .93002. The refractive index of butter- 
fat at 22° centigrade is^on an average 1.459. The melting- 
point of pure butter-J^i, as now determined, varies between 
32° and 37° centigrade (90° F. and 99° F.) 


* Gembloux, Belgium, Creamerj' Jo., London, No. 8, Vol. I. 
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’WTicn pure butter-fat is rapidly cooled, it solidifies into one 
solid mass; but if allowed to cool gradually, part of it solidifies, 
and part of it remains a liquid longer than other parts. This 
seems to indicate that some fats with a high melting-point 
separate out from the fats with a low melting-point. This 
behavior of pure butter-fat is not well understood, as it (*on- 
tradicts the now accepted theory that the different fats are 
in chemical combination with each other, rather than a me- 
chanical mixture of different glycerides of fat. 

Glycerides of Fat. — By this term we understand that the 
faity acid radicals are in chemical combination with the glycerol 
(glycerine) radical, thus: 

Fatty acid radicals. 

Clycerol radical, f C4II7O2 (Butyric) 

C3H5 j Ch8H3302 (Oleic) 

[ C18H33O2 (Stearic) 

The clieinical forirmla for glycerine is; 

Hydroxyl groups. 

Glycerol radical f OH 

C3II5 I OH 

1 011 


Comj)aring these two formulas, their difference and simi- 
larity ar(' easily observed, and the reason why the term ^Olly- 
ceride of Fat ” has been applied to such a compound is evident. 

Condition of Fat.- Whether the fats in milk exist in chem- 
ical combination, or whether they exist as glyceride of butyrin, 
stearin, olein, etc., in the form of a mechanical mixture, is a 
(juestion in disjiute. If they exist in the latter form, the com- 
j)osition of the different fats must be thus: 


Butyrin 


Olein 


] 

i 

[ C4II7O2 

f C.sHaaO. " 

Calls i 

! CsJi , : 

' C|aH 3302 CsHg 


i C4H702 

[ C.gllaaOa 


Stearin, 

C 181^3502 

O18H35O2 etc., 

018^^3502 
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and the total fat made up of a mechanical mixture of these 
and the remainder of the fats in butter-fat. 

Richmond and other authors believe that fat probably exists 
in milk chemically, as first mentioned and illustrated; because, 
if the fat were a mixture of glycerine tributyrate with other 
glycerides of fat, butyrin or glycerol tributyrate could be 
dissolved out by the use of alcohol. But this is not the case. 
Moreover, if butyrin existed separately in milk, it would be 
possible to distill it oh under reduced pressure. This cannot be 
doiKs 

Theory in Regard to Films Enveloping Fat-globules. — The 

extreme minuteness of the fat-globules in milk renders it almost 
impossibk‘ to dcderniine by direct microscopical observation 
whether there is a membrane around each globule or rc t. 
Fleis('lnnann and TJoyfl assert that, so far as they were able 
to d(‘tect, there is no u‘al membrane surrounding each globule. 

Th(‘ theory generally accepted in the past was that the 
only lilm surrounding the fat-globules was simply due to sur- 
face tcnision, or to the fact that the niolecuh's of the fat have 
a great( r attraction for themselves than they have for the 
molecuI(‘s of the serum, in which they are held in suspension. 
In sup})ort of this two things are considen'd: 

(1) The natural rnilk-fat may be removed from milk and 
artificial fat substituted in its place, "i'he resultant milk has 
characteristics similar to milk containing normal fat, that 
is, the emulsion which milk forms with the artificial fat is ap- 
})an‘nlly like that formed with the natural fat. 

(2) If there wre a special albuminous membrane around 
each fat-globule, cream should contain a higher percentage 
of albuminoids than milk. This, Richmond maintains, is not so. 

r)r. Storch concludes from extensive researches that there 
is a gelatinous membrane enveloping the fat-globules, llis 
conclusions are based inainly upon the first three reasons 
given below. The other facts mentioned also support his 
conclusions' 

(1) When milk has been stained with ammoniacal picro- 
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carmine, and the cream washed with water until it is free 
from milk-sugar, a stained layer is present around each globule. 

(2j He has succeeded in isolating this gelatinous substance 
from cream and butter. Owing to its existence in these two 
substances, he assumes that it is also present in milk. 

(3) When ether is added to milk, the fat globules dissolve 
with difficulty, unless some alkali is added to the milk first. 

(4) fficharnp maintains that when ether is added to milk 
the fat-globules are enlarged due to the ether passing through 
tfie supposed membrane by the process of osmosis. He con- 
si d^'rs this fact sufficient to prove that there is a membrane 
encircling each globule. 

(5) Butt(^r containing 85 to fat is asserted by Rich- 
mond to have the same consistency as cream containing about 
72% fat at the same temperature. The solidity of butter 
is due to the close proximity of the fat-glol)ules. Now, if 
cr(‘am with less fat has the same consistency as ])utter, the 
proximity of the fat-globules must be ecjual to that of the 
butter; this would indicate that there is a membrane and 
that this membrane increases the si/^o of the fat-globules. 

(G) The fact that cream se})arated by centrifugal force is 
mor(' easily (*Jiurned than cream of same richness separated 
by gravity methods, would also be explained if the fat glob- 
uk's in milk had such a membrane surrounding them. 

This membrane, or what is believed to be a membrane, 
Storch has isolated and analyzed. He finds it to consist of 
94 of water and G0|, of proteid. 

Th(‘ reasons deduced by 8torch are strong; and the behavior 
of cream and butter renders it probable that there is such a 
membrane enveloping each globule of fat. 

Classes of Fats. 

There are two great classes or groups of fats present in the 
butter, namely: 

(1) Volatile and Soluble, 

(2) Non-volatile and Insoluble. 
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It was previously stated that little is known concerning 
the way in which the fatty acids are combined with glycerine 
in the milk; but, for the sake of convenience, the fats will be 
referred to as if they exist as separate glycerides of fat. 

The terms '' Volatile and Non-volatile are applied 
to the glycerides of fat, or to the fats as they exist in butter. 
Strictly speaking, this is not proper, as they do not assume 
the volatile characteristics until the glycerine separates from 
the fatty acids; it is only then that the latter becomes volatile. 

Volatile Fats.- The first grouj), or the volatile fats, include 
butyrin, capfoiri, caprylin, caprin, and laiirin. Butyrin is the 
one present in the larg(‘st proportion. Laurin and caprin are 
partially non-volatile. Butyrin is the most important fat 
belonging to the volatile group. It is the most important 
(juantitatively, and also ((ualitatively. So far as is known, 
butyrin is the least stable of any of the butter-fats. Under 
normal conditions, so long as the fatty acid remains in com- 
bination with the glycerol, it is not volatile nor soluble in 
water but as soon as s(^})arati()n takes place, due to the action 
of micro-organisms, or to the effect of light and air, then it 
becomes volatile, and escapes in the form of gas. According 
to tlie mass of evidence, tiiese factors are the chief causes of 
rancidity in butter. 

It is also claimed that these volatile fats have the special 
])roper(ies of absorbing odors and gases to a greater extent 
than any of tlu' other fats. This absorption takes place when 
fat comes into contact with the undesirable taints. For this 
reason it is essential that milk, cream, or butter be kept away 
from any foreign undesirable odors. These undesirable taints 
may also be imparted to the fat before the milk is drawn. 
If the cow is fed on undesirable food such as turnips, onions, 
garlic, etc., the milk from the cow assumes undesirable char- 
act(‘ristic flavors, which can«easily be recognized in the finished 
product. On the other hand, such foods as well-cured sweet- 
clover hay, and bran, seem to impart desirable flavors to 
milk and butter. 
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The presence of these volatile fats in butter is quite uniform, 
and is a distinguishing feature of pure butter-fat. The detec- 
tion of adulteration of •butter with foreign fats is based chiefly 
upon the presence of these volatile fats. The characteristic 
desirable flavor of butter is also believed to be due to the pres- 
ence of the volatile fats. Tlie volatile fats vary but shghtly 
during the different seasons of the year. They are present 
in thn greatest proportion during the spring and early summer 
months, when cows are fed on grass, and also during the early 
stage of the period of lactation. They decrease gradually 
as the lactation period advances. 

About 8% of the total fats in milk is volatile fats. 

Non-volatile Fats. — This grou]) constitutes about 92% of 
the total fats in butter. Chemists now agree that palmitin, 
stearin, olein, and myristin are the most important ones to 
be considered, as will be seen from the table quoted from Rich- 
mond. 

These non-volatile fats are of special importance, as the 
relative amount of each of these fats largely causes the varia- 
tion in the hardness and softness of ‘the butter and butter-fat. 
The inelting-])oint. of these different fats varies according to 
the different investigators: olein is a liquid at ordinary tem- 
perature and melts at about 41° F.; stearin, on the other hand, 
has a melting-point of about 150° F.; palmitin also has a high 
rnelting-i)oint, namely, about 142° F.; myristin melts at about 
129° F. 

Olein has been found to be present in the greatest ])ro- 
portion during the spring, when cows arc fed on grass. When 
cows are fed on normal dry food, as in the winter time, it is 
present in a much less dt'gree. This, together with the small 
increase of volatile fats, is the cause of the softer butter so 
fn'quent in the spring. The hardness of the butter in the 
fall or winter is due chiefly to the presence of a slightly increased 
amount of the fats, with a high melting-point, as mentioned 
above. 

From what has been said above, one is led to beheve that, 
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by melting a sample of butter which contains these different 
fats, the fats with a low melting-point would melt first, and 
leave the remainder in an unmelted condition. Such is not 
the ease. Butter-fat in this respect behaves a good deal like 
different metals with different fusing-points. When they are 
melted and mixed together, cooled and then remelted again, 
they assume a common melting-point. It is tlie same way 
with butter-fat. It melts at a temperature of to 

96*" F. 

As the body temperature of cows (about 98° F.) is above 
this t('mperature, the fat globules are present in the milk in 
liquid form when milk is first drawn. A peculiarity a})()ut 
these fat-globules in milk is that the milk and fat iriay be cooled 
down below the melting-point of the fat of butter without 
the fat-globul(\s in milk being solidified. It requires a tem- 
perature of b('twe(‘n 60° and 78° F. before the fat-globules 
in milk })egin to solidify. Wffien these small fat-globules are 
caused to unite, as during the churning process, they solidify 
at higher temperature. This behavior of the fat in milk evi- 
dently must be due to a relative change in the position of the 
mole(!ules of fat during the process of cooling and warming. 
No definite explanations, so far as is known, have been given 
for tliis condition of the fat. 

The non-volatile fats found in butter-fat are practically 
the same as those found in other animal fats. 

Composition of Butter-fat. — In his '' Dairy Chemistry,’^ 
Riclimond gives the following composition of butter-fat, repre- 
senting the njean results obtained by different observers: 


f Butyrin 3.8.5% 

<8% Volatile j (^aproin 3 tK)% 

I ('aprylin. 55% 

Caprin 1 9% 

Laurin 7 4% 

92% Non-volatUe. . . . ] Myistin 20 2% 

Palm it in 25.7% 

Stearin 1 . 8% 

‘ Olein 35% 
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Richmond also gives the percentage of glycerine and fatty 
acids in each of the different fats, as follows: 


Tiutyrin. 

. 3 

yielding 3 43% fatty acids and 1.17% 

glycerine 

Caproiri. . 

. 3 . ()0 

“ 3.25 

86 

( ( 

Caprylin. 

55 

“ .51 

.10 

( t 

Capri n . 

. 1 0 

‘‘ 1.77 

.31 

c c 

Laurin. . 

. 7 4 

“ 6 94 

' ‘ 1 07 

( 1 

Myristin. 

2t) 2 

“ 19.14 

i i 2 73 

1 1 

Palniilin 

25 7 

24 48 

2 91 

1 1 

Stearin . 

.. 1 .S 

It ] 72 “ “ 

.19 

t i 

Olein. . . . 

. 35 

‘‘ :13.60 

3 39 

1 « 


TOO 

94 84 

12 53 



Proteids (Albitminoids). 

The proteids of milk are present partly in solution and 
partly in suspension. They are present in a very complex 
(*h(‘mical form. Some of the chemists reckon as many as 
(dglit different albuminoids or proteids in milk. Duclaux 
claims that there are only two kinds of albuminoids, the coagu- 
table, and non-coagnlaUe casein. He has, by the use of a fine 
filter, been able to separate the fat and the coagulable from 
the rest of the serum. The amount of coagulable casein is 
claimed to vary considerably, and seems to depend upon the 
amount of lime phosphate j^resent. The filtrate which Duclaux 
obtained from filtering the milk was clear and colorless, which 
proves that the removal of the casein was quite complete. 
In order to remove casein from milk, a special filter (Chamber- 
land) is employed. Owing to this fact, we may consider the 
cavsein to be ])resent in suspension or semi-solution. Noted 
chemists, such as Babcock, Van Slyke, DuclauK, Storch, Ham- 
marsten, Ritthausen, and Richmond, disagree upon the num- 
ber of albuminoid substances found in milk, and upon the 
chemical behavior of each. 

For all practical purposes it is safe to mention two, namely, 
(1) casein, and (2^ albumen. Those two substances, as all 
agree, are present in milk, and constitute practically all the 
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albuminoids in milk. But after these two have been separated 
from milk a slight precipitation can be obtained by treating 
the filtrate with alcohol. This has been called albumose and 
also lactoglobulin. From this resultant filtrate can again 
be separated a very small amount of material containing 
nitrogen. Dr. Babcock has obtained a substance from milk 
called fibrin. These latter substances however, are present 
in minute ])orti()ns, and are believed by some of the best scien- 
tists to be the same as the albumen, and their presence in the 
filtrate is due to mcomplete precipitatioii of the albimien in 
the first jdace. 

Casein. — Casein is by far the most im})ortant of all of the 
albuminoids. It is the substance whi(*h forms the curd in 
cheese-making. In fr(‘sh milk, as is now uiKhu’stood, it ir in 
cluanical combination with lime salts. It is on this account 
that fresh milk shows the amphoteric n'action, which will b(' 
('X'plaiiu'd undca* tlu‘ “ Ih'ojxa-ties of i\liik.’'’ The coagulation 
of cas(‘in by the addition of rennet or dilute acids is thought 
to be due to this union betwcMUi the cas('in and lime. Fk'isch- 
mann rfdei's to this as tlu' c(i,seoi(s of milk. Th(‘ 

\'iscosity of norma! milk is b('liev(‘d to be due in a large meas- 
ine to this coTidition of casein in 'milk. It causes the casein 
10 be pn‘S(’}it in a colloidal condition. When milk coagu- 
lates by natural or by artificial means, the union between 
the casein and lime phosphate is larg(dy broken. 

Casein and albumen differ in composition, in that the casein 
contains phosjjhorus and less sulphur than do(‘s albumen. 
Fleischmann maintains that a substance called nuclein is 
associated with casein, and is not found in albumen. 

Casein is precipitated by the use of rennet and dilute acids, 
and coagulates s})ontan(amsly, due to the acid formed in the 
milk. The precipitates formed by the use of different pre- 
cipitating agents are not aiik(i. The curd coagulated by ren- 
net contains more fat and calcium phosphate than the curd 
does which is precipitated by dilute acid or soured sponta- 
neously. If milk stands at air temperature for any length 
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of time after milking, the caseous matter (or the nitrogenous 
matter combined with lime) tends to separate. The caseous 
matter of milk is not completely precipitated by heat, although 
heat partially destroys the union between the casein and lime. 
This destroys the action of rennet. Instead of getting a smooth 
solid coaguhuii, a more flaky precipitate is obtained. For this 
reason milk for cheese-making should not be heated to a high 
temperature. By heating milk in a glass flask to a high tem- 
perature, and letting it stand for a time, it will be found that 
a mineral precipitate lias settled to the bottom. This pre- 
ci[»itate is believed to be a lime phosphate, which, previous 
to heating, was combined with the casein of the milk. By 
adding calcium chloride (CaCl) to milk which has been heated, 
its normal condition towards the action of rennet is again 
restorc'd. 

Albumen. — If the casein is removed from the milk by 
preci])itation, and then filtered off, the filtrate will contain a 
substance which will })recipitate when boiled. This is albumen, 
and is similar in charact(‘r to albumen from the white of an 
('gg. It difters from casein in thatdt is not precipitated by 
reniuh or acids, but precipitates on heating. It does liot 
contain any phosphates, but contains a comparatively large 
amount of sul})hur. 

As the albumen is soluble in rennet and dilute acids, it 
can readily be seen that it is retained in the whey obtained in 
che(‘S(‘-niaking. W'Ik'Ii albumen is pres(‘nt in small quanti- 
li(‘s, jis it is in normal milk, heating does not completely pre- 
cipitate it, unk’ss the casein or curd is first removed. If, on 
the other hand, albumen is pn^sent in excess, as is the case 
in colostrum, the major portion of the albumen is precipitated 
when heat is ap})lied, without first removing the casein. 

Sugar.- Milk-sugar occurs in milk to the extent of about 
5%'. It varies very little in quantity, seldom falling below 
and s(‘ldom rising above 5i%. It occurs in solution, 
and is found in no other place in nature. 

Milk-sugar is the most unstable component of milk. It 
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quickly and easily decomposes. This decomposition is caused 
by micro-organisms. If these could be entirely excluded 
from the milk, it would keep for an almost indefinite length 
of time. As it is impossible under practicable conditions to 
entirely exclude organisms from the milk, the only way in 
which the growth of germs can be retarded and prevented, 
and thereby prevent the changing of the sugar into other 
})roducts, is to cool the milk to a low temperature (50° F.), 
or to heat the milk to a sufficiently high temperature (180° F.) 
to d(‘stroy most of the germs. According to Van Slyke and 
Hart, the decomposition of the caseous matter produces free 
casein. When about .5% acid has developed in the milk, 
the free casein combines with the acid and forms casein 
lactate. 

Fhc chemical composition of milk-sugar is C 12 H 22 O 11 +H 2 (). 
When a pf'Tfect dec^'inposition of milk-sugar into lactic acid 
takes place, the following equation would represent the 
change: 

(Milk-HURar) (I.actic acid) 

C,^2H240i2==4C3H603. 

Hiich an ideal change, however, never takes place. In 
such a c*ase, one gram of milk-sugar should produce one 
gram of lactic acid. In a number of experiments carried 
(ui by one of the authors of “ The Analysis of Cream During 
Diffenmt Ripening Stages,’’* the highest amount of acid 
prodiu*(‘d from one gram of milk-sugar was 8 of a t,ram. 
This ind^ii^tes that there are always accompanying by-products 
prcKluct^^ l>esides lactic acid, when milk-sugar is being decom- 
I)osed in cream or milk. The sourness of milk is due to this 
change. The by-products which accompany the production 
of lactic acid are many and various. The most important 
ones are gases of dilTerent kinds, such as carbonic acid gas 
(CO2); marsh gas (CH4); hydrogen (H); and nitrogen (N). A 


* Thesis I. S. C., Ames, la. 
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small amount of alcohol, formic, acetic, and succinic acids are 
said to be normal accompanying by-products also. These 
by-products may also partially result from the breaking down 
of some of the other milk components. 

As milk-sugar is in perfect solution, it follows the water 
of riiilk, and in cheese-making nearly all of it passes into the 
whey. Commercially and chemically it is prepared from 
wh('y. It is a white, not very sweet powder, and is used for 
nu'dicinal purposes to dilute pure, powerful drugs. It is also 
us(‘d ext(‘nsive]y in the preparation of modified milk. 

Ash. —The ash of milk is present in very small quantities, 
and when viewed from such a standpoint it may first seem 
to l)e of small importance. On account of the effect of the 
miiu'ral constitiuaits upon the pro])erties of milk, it is one 
of th(' most important c()m})()nents of the milk. It consists 
pardy iji solution, and })aiily in susjx'nsion. Ilabcock main- 
tains (liat about one-third of the usual ash constit luaits is in 
susp('nsi()n, and tha( they consist chiefly of lime ]>hosphate. 

All of th(' minerals in milk consist chicdly of j)otash, lime, 
soda. magiK'sin, and iron, combined with i)hosplioric, hydro- 
eliloric, sul[)huric, and carbonic acid. Calcium phosphate 
const it lit ('s about on(‘-half of all the ash constituents. They 
ar^‘ naiiK'd above, in older, according to the extent in which 
they (U'cur in milk. 

Gases of Milk. These do not normally exist in milk to 
such an extern! as to (uiabk' chemists to det(‘rniine them quan- 
titativ(‘ly, l)ut they are of great importance^, owing to the 
(‘heeh t'ney iiavc U[)on the quality of the milk, viewing it in 
th(‘ c()mmei’(‘ial sense. 

Case's in milk may be divided into two classes according to 
tlu'ir origin: namely, (1) those imparted to milk })efore milk- 
ing and (2) the)se; which are formed and absorbed in milk 
later. 

(1) When freshly drawn milk has a characteristic cowy 
smell, wlhe*h sevms to l)e normal to all fresh milk. These 
gases are' very volatile, and by ce>ormg and aerating milk (differ- 
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ent processes of which are now in use in this country) these 
gases can, to a large extent, be eliminated. The amount and 
kind of taints existing in milk, iinmedialei}^ after it has been 
drawn, largc'ly depend upon the food which the cow" has been 
fed. Turnips, onions, and garlic, when fed to cows a short 
timc^ before milking, caitse undesirable gases or taints to exist 
in the milk. Good sweet hay, bran, and good grass are said 
to produ(‘e milk of superior quality, and containing no bad 
taints, except the cowy or animal taste, which is natural to 
all milk when hrst drawn. 

The milk yielded by cows jiasturing in the Alps of Switzer- 
land ih said by tourists to possess a |)eculiar, not undesirable, 
f'[)i»*y odor and flavor. It is maintained by the native people 
in Swit Zealand that the jieculiar flavor of the Emmant haler 
(‘h(‘ese cannot be dcwc'lojHHl anywhere else in the world. This 
flavor tiny bi‘li('\e to be due to the kind of vegetation the 
cows u})on in tlu‘ Alpine pastures. In ITmmark, the 

]ioor })(‘o])le who do not own much land, graze their cows along 
the roads where wecals of different kinds grow. Milk from 
such cows has a ])ecuiiar characteristic odor or taint. In tliis 
country it is a common occuinmce to iind that milk delivered 
by (lairons who korp their cows on timber-land pastures has 
a ])eculiar wcvdy odor. Es]>ecially is this true in the fall or 
la(<' sumnuM’. dTe.'^e flavors ar(‘ somewhat difficult to rer^ ove 
by the ordinaiy process of aeration. By heating such milk 
to ]b(B or 1S(P E., and stirring occasionally, most of these 
taints ])ass ol'f. An addition of a small amount of saltpeter 
also im[)roves it. 

To(' much ‘Miiphasis cannot be placed upon the food that 
the cows receive. While it is true that much of the desirable 
aroma and flavor in ljutter are due to bacterial growth, the 
kind of food fed to cows is not without significance. It is 
a well known fact that districts such as Normandy and 
Denmark, which have become famous for their high quality 
of dairy products, have the best of pasture and winter 
feeds. 
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B(\si(Jes the kind of food, some physiological disturbances 
of the cow may cause abnormal taints in milk. 

(2) Gases or taints which are formed in the milk or absorbed 
by the milk are due to fermentation and absoi'ption respectively. 
Th(- fernuaitation cause will be considered in a separate chapter, 
and the latter cause needs little (‘xplanation. It is a well known 
fact that milk, or any of its products, has the special i)roperty 
of absorbing odors wliich may be pres(‘nt in the surroundings 
of milk. J^\)r this rmson, milk, as well as other dairy products, 
should at all times be k(‘j)t in clean utensils and pure surround- 
ings. 

AbnormaJ taints appearing in milk imiiK'diately after 
milking are due to absorj)tion within the cow. Taints that 
develop on standing are due to bactealal growth in tlu' milk, 
or to abscn'ption from impure surroundings. In I'emoving 
undesirable taints from milk th(' lirst st('p is to rcMiiove the 
inciting cjms(‘, nnd tli(‘ second to caus(‘ as many of llu'se taints 
as [)ossibl(‘ to (‘scap(‘ by a {)rocess of aeration or ])ast(mrization. 

Coloring-matter. It is not known of what tlie coloring- 
matter in milk ccjnsisis. A substance named lactochrome 
has b('(ai foum^ in milk. So far as known, this coloring-sub- 
stanc(' is (‘los('ly associatcal with th(^ fat called pahnitin. The 
amount of coloiing-matter vari(‘s during the ditlerenl seasons 
of tlu' year. It also varii's a(*cording to tlu^ diflenmt biivds. 
During tlu' spring of tlu* y(‘ar, when cow^s are first juit on grass, 
th(' <*olor of the butt(‘r-fat is always high(‘r than it is during 
th(‘ latt('r portion of the sumuK'r. Dining llu^ winter, tli(‘ 
fat in milk is <piite })al(‘. By feeding the cows some suciailent 
feed in th(' wintiM', such as silage, carrots, and beds, th(^ color 
of th(‘ butter-fat Ih'coiik's much higher. 

From this it would seem that the change in thc^ color of 
the fat with the dilterent siiasons, and th(' food fed, is closdy 
iissoeiati'd with chloro{)hyl. the coloring-matter of gras^ 

Other Constituents of Milk. It is said that constituents 
such as citric acid, urea, nucleiu, lecithin, and galactase are 
pnvsent. Balxax'k maintains that he has discovered a sub- 
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stance named fibrin. This seems to be similar to the nuclein 
mentioned by Fleischmann, if not the^rne. But as these 
substances are present to a very small extent, citric acid, urea, 
and fibrin being present to the extent of .12, .007, and;:^J0()O2% 
respectively (Fleischmann and Babcock), they are of little 
importance. 



CHAPTER II. 


MILK SECRETION. 

The Mammary Gland as a Secretory Organ. — The mam- 
mary gland of females belonging to the order of mammalia, 
secret (\s a fluid known as milk. This substance is strictly a 
secrcdory product. There are two kinds of glands present 
in the animal body; viz., the excretory and the mretory. Gen- 
erally speaking, an excretory gland is one wliich receives or 
absorbs the waste matter of the body, and causes it to be 
carried off without causing any markt'd change to take place 
in the substanc(‘ e\cret(al. A secretory gland is one in which 
the raw material is obtained from tla^ blood and then manu- 
factunal into a special different ])roduct within the gland 
itself. As an (‘xam})le of a secridory gland, the milk-gland 
of the cow’s udder is an apt illustration. The glands in the 
mouth secnding saliva, and those in the walls of the stomach 
secreting the digestive fluids, are also secretory glands. 

Internal Structure of Cow’s Udder. — The cow’s udder is 
composed of two separate glands, the right and left halves. 
These two glands are distinctly separated from each other 
by a fibrous tissue running longitudinally. This fibrous par- 
tition extc'iids along the abdoiiKm in front, and back to a point 
between the thighs of the cow. It also serves to hold the 
vow’s udder in })lace. There is no connection at all between 
the right and left gland, and consecpumtly milk cannot be 
drawn from the left side over to the right, and vice versa. 

Each of these right and left halves is again divided into 
two parts, thus making the cow’s udder appear in quarters. 
The cow^s udder may then be said to consist of tw^o glands 
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on the right side, and two on the left side. The divisions 
between the two glands on the side are not entirely complete. 
That is, there is enough connection between the two glands 
on the same side to allow a portion of the milk to be diawn 
from the rear teat to the front teat on the same side, and from 



Fif] 2 — Schematic fipure showinp; cross-section of cow’s udder; and also 
cnlarg(?n]£*iit ot cpi( helial cells m alveoli when cow is giving milk (1). Each 
alveolus is surrounded with a membrane called tunica propria. (^11 
nuclei not shown When cow is in milk they are also enlarged. When, 
riot the epithelialjcells are Hat and the nuclei small and spindle shaped (2). 


the front teat to the rear teat. The milk-glands proper are 
loc*ated near the abdomen and extend downwards into the 
udder a trifle. The remainder of the udder is filled with ducts^ 
fibrous and connective tissue, muscle, nerves, and blood-vessels, 
the whole udder assuming a sort of spongy and open condition. 
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The teat is simply a cylindrical-shaped body, with a hollow 
tube extending down through the center of it. At the bot- 
tom of this opening, or at the end of the teat, there is a sphincter 
muscle. This muscle in some circumstances is drawn up very 
tight, while in other instances it is so loose that it will not guard 
the milk from es(^aping. In case the muscle is so tight that 
the milk can be drawn only with difficulty, it may be relaxed 
a trifle by entering a small, smooth wooden plug. This will 
usually dilate th(‘ opening sufliciently, so that the milk may 
bf‘ drawn with comparative ease. In some instances tliis 
niuscl(‘ is so tight that it is necessary to relax it by the use 
of a sharp knif(\ This, however, should be done with sur- 
gical skill; otluanvise th(‘ whole muscle is likc'ly to he so injured 
as to caus(' the milk to leak away at all times. 

The nj)p('r pai't of this canal in the teat connects with 
what is call(‘d tlu' milk-n'servoir. The size of this reservoir 
vari(‘^ in differeni cows. TIk^ average^ capacity of this milk- 
cist(‘rii is about one pint. The opening from this reservoir 
into th(‘ t(‘at is also guarded with a muscle. Over this muscle 
till* cow has littk* control Over the muscle at the lower (*nd 
oi' the halt tlu* cow has no control whatever. 

Op(*ning into thi* .^ides and to]) of this reservoir is a large 
miml)(‘r of tubes, which an* called milk-ducts. These milk- 
ducts ('xti'iid from the resi'rvoir up into the milk-gland. Th(*y 
radiati* in all directions, dividi* and subdivide, so as to form 
a vi'ry largi* iiumbi*]- of small tubes. These milk-ducts are 
surround(*d with fibrous muscular tissue, iiiTves, and blood- 
V(*ss('ls They are all guard(‘d by a special muscle at the 
junction to the main milk-ducts, from which they radiate. 
Th(*s(‘ muscles an* so intimately connected with the nerves 
and muscular system of the cow that she is able to open and 
closi* th(‘m at will. There are very few cows that are not 
able to hold up their milk during nervous and exciting periods. 
It is a common occurrence* for a milker to get only a small 
part of tlu* milk from a cow. This small amount is the portion 
which is ])resent in the teat and milk -reservoir. Some cows 
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are able to hold up this milk also^ but the majority of cows 
cannot perfectly control the muscle which guards the en- 
tranc(‘ to the teat. The milk which is present in the milk- 
ducts and which lias to pass through these junctions ref ei red 
to aboA'e, can be held up by most cows at will. 

All of these small milk-ducts end in small sack-like bodies. 
Each of tlicse dilated jiortions is called the gland-lobule 
or ultimate follude. These gland-lobules enclose numerous 
individual mici oscopical bodies (‘ailed alveoli or acini. These 
alv('oli constitute die organs which possess the [iroper secre- 
tory func1i(„)ns. Thes(' al\Toli are lined on the outside with a 
iiK'mbraiK' calhnl the tunica, propria. N(‘xt to tliis memlirane 
is a lay(‘r of cell-tissue. Th(‘ inside layer i>> conpiosed of cells, 
which ar(‘ nani(‘d the epitlielia! c(dls. These epithelial cells 
within the alv(‘oli an' supjdic'd witli Idood from the cow’s 
system Euring hutation tlu'v assuiiK' a diffeivnt form. 
WIk'U the cow is yielding milk abundantly, these c(*lls swcdl 
and ('\tend into the cavity of the alveoli. When the cow is 
not in milk these alveolian ci'lls b(‘(‘om(‘ fiat. A certain numb(T 
of alv('o]j is tributary to on(‘ particular duct leaiJing from the 
eJand-lobuh' into sdl! larger milk-ducts. 

r.aeh sggrogation of gland-lobules, tribut.ary to one milk- 
(‘isK'rm constitutes a lolxa and may be lik(‘iK'(i to a side' branch 
of a bunch of grajx's. Each s(‘parat(‘ gi‘aj)e may r(‘or(\sent 
a giand-lol)ule. The seeds within the grape, if we imagini' each 
seed to b(‘ hollowc'd out and lined with small column-lik(' 
bo(li(‘-, may be like'iii'd to the alve'oll. Th(\s(‘ column-like 
bodi(‘^ would then i‘e])r(*s(mt the (‘pitlu'lial c('lls. The sU'in 
hading from ('ach individual grape may repn^sent th(‘ small 
diK't which carru's the mi^k on to the larger ducts. The main 
siem> of th(* biincli may repn'sent the larger ducts that enter 
into tlu' niilk-r('serv()ir. The air which everywhere fills the 
openings or interstie'cs of the various parts of the Imnch of 
grajH's may Ix' likened to the fibrous fatty tissue between the 
alveoli and the loljules of the gland. 

Theories of Milk Secretion. — Although the theories of milk 
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secretion have been studied considerably, many things in this 
connection are not well understood. Previous to the year 
LS40 it was thought that the only function of the rnilk-gland 
was to filter th(‘ milk as it transuded from the blood. It was 
supposed that the quality and (piantity of milk d(‘pended 
entirely upon the food. The theory has also been advanced 
that the major portion of the milk constituents was a decom- 
position of tlu' product of the lymph bodies of the blood. It 
was believed tliat the lymph bodies were a source of nourisli- 
ni(‘nt to the fcrtus, and that the calf received its nourishment 
from the same source after it was born as it did ])revious to 
birth. It was supposed that after tla* birth of the calf the 
opening on the uterus through which the food was supplied 
was cl()S(‘(l, and that a new opening was formed in the milk- 
gland. These two theoiies have now been practically over- 
thrown. It has b(‘(‘n demonstrated that the major })ortion of 
th(‘ milk is fon'n(‘d within the milk-gland. The fat, cas('in, 
milk-sugar, and part of th(‘ albunu'n are s\i])})os(h1 to bt' formed 
in lh(‘ udder. This conclusion is substantiatcnl by tla^ fact 
that tlu'se substances do not appear in ‘the bloody at least not 
to such an extcuit. as to warrant the assumption that they are 
not manufactured in the cow’s udder. The total amount of 
fat in th(' blood of the cow would not ecjual the fat in the milk 
from ()n(‘ milking. 

Py som(‘ it is maintaiiK'd that the substances in milk which 
are found in solution may 1)(‘ transiuhal directly from the 
i)lood. lU're again tuilk-sugar is found to be in perfect solu- 
tion in th(‘ !nilk, but this substance can be found nowhere in 
natun' b(‘sid(\s in milk. It is not present in the blood of the 
animal, con.se(]uently it must be manufactured within the 
gland its(dt. The watcTof milk, and the ash constituents which 
are in solution, are probably transuded directly fiom the blood. 
Xo attem])ts have beeii made to determine definitely how 
casein and albunam an' formed within the gland. 

The theory advanced for the formation of fat is, that the 
opitlu'lial cells Imaik down and form fat. When the breaking- 
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down process is completed, the transformed cells appear at 
the oixming of the alveoli in the form of distinct fat-globules. 
This is supposed to be the origiu and formation of fat-globules 
in milk; so it ma}' be said that so far es known the fat 
is the result of a breaking down of degeneratfa! epithelial cells. 

Dr. Bitting asserts that the formation of milk solids in the 
cow s udder is probably due to a metabolic process rather than 



1 Ur. a A sfhoniatK- figure .showing the f ourse ot the artery Unuling to tlie 
niauiiuary glnml and the veins returning to the iieart. The liglit-eolored 
line^ re[)re.sent arteries and the dark-colored lines tlie veins. (Froiu 
Hilling, du ell til An. Keport, Indiana.) 

to a dt^generative. Collier found that a cow giving a normal 
amount, of milk would serreto about 136,000,000 fat-globules 
per .-second. He also suggests that a cow secretes about 5 
pounds of milk solids ])cr day. As a cow’s udder weighs only 
about 2i pounds, the whole udder would have to }>e renewed 
twice daily. This is not consistent with our pre.sent knowledge 
of tissue building. 


28 


BUTTER-MAKING. 


The chief incentive to milk secretion is maternity. As soon 
as the young mammalia is born the blood which went to the 
uterus to supply the calf is turned towards the udder instead. 
As soon as this current of Idood begins to fiow, all of the blood- 
vcss(‘ls and capillaries in the cow’s udder swell. This causes 
the minute blood-vessels or capillaries which form a network 
in th(' walls of the alveoli to swc^ll. This swelling stimulates 
the (‘pithelial cells to activity. 

Conditions Affecting Secretion of Milk. — There are a 
great many conditions which affect the milking capacity of a 
a.ow. These conditions may be conveniently grouped into two 
class(\s according to tlieir caus(\s: (1) conditions which are con- 
trolknl larg(‘ly by man, and (2) conditions which are inherent 
to tlu' cow. 

1. SoiiK' of tlie chief conditions which reduce the secretion 
of milk and ar(‘ larg('ly controlled by man are: improper care 
and trc'atnumt of the cow, lack of proper food, incom])lete and 
im[)roper milking, irn'gularity, and long p(a’i()ds between 
milkings. Pregnancy, iH'rvousness, or ex(*item(‘nl of any kind 
affect the ])roper working of the milk-glands considerably. 
T1 k‘S{‘ lattca* causes, however, are not always controlled by man. 

2 Without denying the influence of those conditions men- 
tioiKHl al>ov(‘, the conditions which chiefly affect the milk- 
scH'reting capacity an* inherent. It does not matt('r liow much 
good cai'c and food a cow receives, if she* do(‘s not ])Ossess 
th(‘S(‘ inlu'rc'ut lu'cc'ssary qualities. As was mentioned b(‘fore, 
th(' milk-secr('ting capacity depends upon the number oj gland- 
lubuh’s^ upon Ifie amount oj blood which is supplied to these secre- 
lorji purls, (ind upon the capacity of the cow to digest and assimilate 
food. 

i h(* number of gland-lobules is believed to increase until 
th(' cow is about sevtm years old. The milk-secreting glands 
ar(‘ pn'M'Ut only in a rudimentary form, until the cow has had 
ht r li’*st calf, or is well advanced in the first stage of pregnancy. 
T lie gland-lobules then increase in number up to the age of 
about se\’en. The relative numlx'r of lobules in the cow’s 
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udder can only be approximately ascertained. The size of 
tlie udder in some measure indicates this. A cow with a large 
flexible udder is usually a good milker, due to the fact that a 
large udder usually contains a large number ( f gland-lobules. 

Th(' amount of blood which is turned through the cow’s 
udder (o su})f)ly the milk-secr(‘ting cells may approximately 
be ascertained by (he size of the blood vessels. Tin* blood 
(mt('rs the udd(‘r fi'om the h(‘art near th(' region of the hips. 
It tluai ])a^^es daevn through ih(‘ udder, along tlu' abdomen 
jusi l)('n(‘alh th(‘ skin, until it rea(*hes about midway Ixdween 
tli(‘ liaiik and th(‘ girtfi. At this ])lace it iKUuflratc's tlu' abdom- 
inal wall and (mt(‘rs tlu' thorax. Tlu' j)lac(' at wliich th(' blood 
p('n(‘trat(‘s th(‘ altdominal widl may lv‘ (el( with th(‘ finger 
It is sup})(js(h 1 that tlu^ siz(' of this h()l(‘ is in somt" measure' 
indicatix^' of tlu' milk-uroducing ca, pacify of tlu' (*o\v. dliis 
ope'Diiig in lh(' abdominal wall is calk'd tli(‘ milk-hok* or milk- 
fountain. Large' irn'gular ve'ins are consiek'reel a much be'tter 
indicat ion of gooei milking pre)pe'rtie'S than small straight ve'ins. 

The' formati(,)n of gland-Ie)l)uk's is entire'ly inlu're'iit in the 
ce)w. The only way that tlu'se may be in(*re'ase'd is thre)ugh 
,-cl(‘ction and breeding. Tlie ame)unt e)f blood wliich passe's 
tiirf'Ugh tlu' cow's udde'i* is also Lirgely inlu'rent, althe)ugh 
tins uu\y in a small me'asure' be affe'cied by the' ameiunt and 
^piality of food gi\('n te) the cow. It shoulel at all timns be' 
i( lijiMubcK'd that a e*e)W is ne)j a me're' r('e*e'j)tacle into which 
so much food can be' intreieluce'el, and so mue'h milk eh’awn 
fi’om the oth('r e'ud. Afte'r giving elue' ewe'dil for the* influene*e' 
of all ('ihe'f ('(mditions, we* must still re'e'ognize* that the inhe're*nt 
e'ondiiions alte'cting the* seH*re*tle)n e)f milk are* the me)st important. 

External Appearance of the Udder. -A cow’s udde'r should 
l)e‘ \\('ll and syrnmetriiailly fornu'd. It should be* sepiare', wide, 
exlemd well along the* abdome*n e)f the cow^ and back u}) between 
the' thighs. Whe'ii the' ueleler is emjity it shouki be soft and 
fie'xible*. The* te'ats shoulel be medium large, should be placed 
we'll apart, and shouki point deiwnwarels. 

Idiere should be little or no depression in the udder l>etween 
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the teats; that is, each quarter should not appear distinct 
and .'separate when viewed from the exterior. 

The cow’s udder should be covered with fine soft, downy 
hair. A light gedden yellow is said to be indicative of a good 
(juality of milk. 

A firmAleshy udder is undesirable. Tn the first place, it is 
not indicative of good milking (qualities, and, secondly, such 
an udder is pr('dis])()sed to inflammatory diseases. 

Milk-fever. - This is a common disease in fresh cows. 
It is dii(‘ to a c()ng(‘sted condition of the cow’s udder. The 
d( (‘oniposition ])roducts of the colostrum milk in the udder 
ar(* absorlx'd by t}i(‘ blood, and produce tlie characteristic 
symptoms of milk-fev(T. Dr. Ikders, of the Nebraska lOxperi- 
ment Station, says that a good and simple nunedy for a dis(‘ased 
udd(‘r is to pimif) it full of air. This can be accomplished 
with an ordinary bicycle pumj). After sonu' air has been 
pump(‘vl in, then the cow’s udder should be worked or massaged 
with th{‘ hand so as to caus(^ the air to ])ass through the quarter, 
lie claims that the udder can thus be restored to its normal 
condition V(‘ry (juickly, lh(a*eby preventing and even curing 
milk-hwer. In cas(‘ the udd(‘r is caked very badly, apply a 
hot ))oultice. Small five- or ten-pound bags hlled with bran 
and k(‘])t hot is a good substance to use. A compress 
is also us('d. This consists simply of using a })iece of heavy 
cloth, but it on so that it lifts up the entire udder, and tie 
it over tlu^ back of the cow. Straw should be put underneath 
it on the back so that the cord does not injure the animal. 



CHAPTER III. 


PROPERTIES OF 

Color. — The ('olor of normal milk ranj2;os between bluish 
whito and golden yc'llow, according to br('(‘ds, toods^ and sea- 
sons of the year. milk yi(‘lded by Jersey cows generally 

is more yellow, due cliitdiy to the larger amount of fat which 
it contains, Holstein cows yield milk of a whiter color. Foods 
such as grass and certain roots (mangles and carrots) have 
the ])ow('r of giving to Tiiilk a higher color. As lias beem pre- 
viously nu'iitioned, tlie coloring substance in milk has been 
iiauH'd lacto(‘hrome, and so far as known is associated with 
the palmitin fat. 

Flavor. — Milk has a sweet flavor, and a faint odor. Fresh 
milk has a peculiar cowy tasti^ and odor, which pass off when 
e\p()s(‘d to th(‘ air. The Havor is affected by foods and ^’on- 
dili<»ns of (he cow, as nu^ntioiKTl under Abnormal Milk.’’ 

Opacity of Milk.- Milk is 0])a(iue, except when s(‘en in 
wry (bin layers; then it is slightly transparent. The opacity 
of tnilk is due to the presence of the fat and nitrogenous mat- 
ter. Wluni these substances are filtered away on a fine (Jay 
filt(‘r (the CJiamberland), the filtrate whieh passes through 
is clear and traiisjiarent. It has been maintained that the 
fat in milk is the chief cause of its opacity, and that the per- 
cent ng(‘ of fat could be determined according to the degree 
of opacity and transparency of milk with an instrument named 
pioseope; but it was soon found out that the size of the 
fat-globules, as well as the number, had eoasiderable influence 
upon the degree of opacity of milk. For that reason, this 
method of determining the amount of fat in milk was not 
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reliable. The fat-globulcs themselves are said to be almost 
trnnsparent^ yet the color and opacity of milk is largely due 
to their presence. This characteristic may perhaps be explained 
by assuming that the fat-globules in milk deflect the light 
instead of allowing it to pass through them. 

The o])a(‘ity of milk, after the fat has been removed, is 
due to the ])resence of nitrogeneous matter. After the fat 
has been removed from the milk, the milk still continues to 
b(‘ o])aque. When the albuminoid matter has been removed 
and off the filtrate becomes clear and transparent. 

Chemical Reaction of Milk. — Milk when fresh shows an 
am])hot(‘ric reaction, which means that it exhibits both an 
alkaline and an acid naiction when tested with litmus ])a])er. 
It turns blue litmus ])ap(‘r red, and red litmus })aper bhu'. This 
])(a*uliar In^havior of milk is said to be due to tli(‘ caseous matter 
in tli(' milk, which itself has an acid reaction, but the remainder 
of tli(' s(‘rum has a slight alkaline reaction. By testing the 
r(‘a(*tion of fr(\sh milk with a tenth normal alkali solution, 
and using ph(‘n()I])hthalein as an indicator, it will be found 
to giv(' an acid reaction. After standing, milk soon becomes dis- 
tinct ly acid, which is due to a change' of the milk-sugar into 
acids, cliic'tly lactic acid, tlirougli th(‘ action of micro-organisms. 
Hichmond maintains that the amphoteric reaction of milk 
has ac(iuir(‘d a false ini])ortance, as he believes that lli(‘ neu- 
trality, as iiH'asured by th(‘ action of litmus paj)er, is not chemi- 
cal iK'utrality. 

Specific Gravity of Milk.— By specific graA'ity of milk we 
nu'an the weiglit of the milk as compared to that of an ((jual 
volunu' of water at the sanu' temperature. If a c('rtain volmne 
of water v('ighs lOOO ])ounds, an ecpial Amlume of milk at the 
same ti'inperature and under the saiiu' conditions, will weigh 
about 1032 pounds. Ileduciiig the figure to a basis of 1, as is 
always done, the comparison between the two ecjual volumes 
of water and milk will Ih‘ 1 and 1,032. Tliis latter figure 
repii's(‘uts the av(M'ag(' s|KTilic gravity of normal milk. 

It can ])e readily seen tluit the correct specific gravity can 
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only be obtained at one given temperature, for, as the tenipera- 
tureof the substance becomes higher, the density of it grows less, 
and consequently tlie specific gravity will be less. The tempera- 
ture at which the lactometers are standaidized is 60° F. 

The variations in the sp<'citic gravity of milk will also vary 
according to the relative variation in amomds of the different 
components of milk. If a sample of mik is rich in solids not 
fat, as, for instance, skimmed milk, the s])ecific gravity will be 
liigh and usually between 1.033 and 1.037. If the sample of 
milk is rich in fat, as, for instance, in cream, the specific gravity 
will In' less. 

\W adding water to milk, the specific gravity of it is lesseiavL 
iiig to this fact it was first thought that adulteration of milk 
with wat(‘r could be detected by testing its specific gravity. 
Hut this nuU hod was s(;on found to be erroiK'ous, as it is 
possibk' to take cream away and add water in such a pro}')ortioii 
not to alter the specific gravity of the sani])l(\ A low specific 
gravity of milk may, however, cause the suspicion that the milk 
lias ])een adult('rated, and the test for water adulteration can 
b(‘ su j)pl(mi(aitt'd l)y testing it for fat. 

.\s lias b('(‘n mcMitionc'd lud'ort*, the lactometer reading should 
b(‘ (akaai at 60° h. If th(' t(*tnp('ra( ure of milk is above' or 
below, coin'ctions must be made'. Ttu' amount of (‘orrection 
wliK'h will give a])proxinjate i-esults is .] of a d(‘gree addt'd to 
til'’ lactomet(a- n'ading for (‘V(‘ry d('gr(‘(' Fahn'iiheit of tc'mpera- 
tlu‘ milk is abow' (>0° F., and also J of a d('gr(‘e subtracted 
hoin tie laclom('((‘r n'ading for ('V(‘ry d(‘gi’(*e of tt'mperatui’e tla^ 
milk is below 60° F. TIh' t('mp(‘ratur(‘ of milk wlien testcal for 
laetonieha- reading should never go any lower than 10° Ix'low 
60°, nor any higlua than 10° above' 60°. This would leave the 
raiig(' of teni])('rature bi'twe^en 50° and 70° F. 

In chemical laboratori(*s, the s})ecific gravity of milk is 
usually determined by the use of a picnometer. 

In ]>ra(‘tice there are three instruments in general use for 
determination of lactometer reading, or specific gravity, viz.: 
C^uevenne lactoinet('r. New \ork Board of Health lactometer 
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and the ordinary hydrometer. The Quevenne lactometer is the 
one that is used chiefly in creameries. The graduation of each 
one of them is given in the accompanying diagram. It may be 



*' S ■' Specific Gravity Scale. 
*' N " New YorV State. 

*'• Q" Quevenne. 


Fig, 4 — romparative graduation of laetonteter stems 

Hin from the figures that in order to change the Quevenne 
.ctometer reading into spivific gravity, all that is necessary is 
» add lOtX) and divide the sum by 10(X). In order to change th,A 
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specific gravity into lactometer reading the reverse process will 
give correct results. 

The hydrometer gives the s}>ecific gravity directly. The 
Board of Health lactometer has a special graduation. Tn 
devising this lactometer it was thought that 1.029 was the 
minimum s})ecific gravity of unadulterated milk. The scale on 
this lactomeler was made from zero to 120; zero marking the 
})oiiit which rcpreseius the specific gravity of water, namely, 1. 
100 is the point which is assumed to repr(‘sent the least specific 
gravity of milk 1.029. If the specific gravity of a certain 
sample of milk f(‘ll ir* 90, it indicated that tliere was liY/c of 
wat('r ])rcsent. If it fc'll to 81), it indicated that there was 20^, 
of water, (he. 

In ordt'r to calculate the total solids, and solids not fat, of 
milk, it is necessary to know tl:(‘ lactometi'r ri'ading, and the 
])(‘rcentag(^ of fat content. Knowing these factors, l)y the use 
of the following formula given hy Farrington and Woll, and 
d(‘duced from Fleischmann’s work, the total solids, and solids 
not fat, can b(‘ found: 

Solids not fat- - 1 lact reading -f .2 times the fat. 

Total solids - fat -f solids not fat. 

Natural Separation of Milk and Cream. — When milk is 
allowed to stand (piietly fora short time, a layer having a rich- 
yellow color comes to the surface. This is the cream, and 
( ontains iiiost of the fat. This separation is due chiefly to the 
differejice in weight, or specific gravity, of the fat-globules and 
the serum. The force which acts upon the globule of fat is the 
<]iffei'ence in weight between the fat-globule and the serum 
which it displac('s, minus the resistance force with which it 
iiKX'ts in its upward p^issage. In milk with a high degree of 
viscosity tliis force is great. In milk of a limp and li(|uid 
consistency this force is smaller. By adding water the vis- 
cosity of milk is reduced considerably, and the specific gravity 
of the serum is also decreased. But the effect of the added 
water upon the viscosity is greater than the effect the water has 
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Upon the specific gravity of the serum; hence, by adding water 
to milk, the resistant force is decreased to such an extent as to 
get a more rapid and more efficient separation of the fat. The 
water dilution separators are based upon this principle. In 
normal milk, the amount of fat left in the skimmed milk by 
natural creaming is about .4%. The fat which is left in this 
skimmed milk is largely composed of very small globules. 
This is due to the fact that the resistant force of these small 
globules is equal to or greater than the buoyant force acting 
upon them. 



Fi«. 5.-~Standar(iized milk. Showing the amount of cream on milk con- 
taining the designated per cent of l)Utter-fat. (From Hul 92, 111 ) 

This completeness of natural skimming is to a certain extent 
based upon the mathematical law which is stated as follows: 
^‘ Th(‘ surfaces of two s])heres are to each other as the stjuares of 
tlieir diameters, and tlieir cubical contents are to each other 
as the culx^s of their diameters." The larger tlie globules are, 
the grt'ater the surface is, and the greater the resisting force to 
which they ai*e subjected. From the law stated it can Ixi seen 
that as the size of the globule increases, the culacal content 
increases more rapidly than the surface. If a fat-globule were 
split up into smaller ones, there would more surface exposed 
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to the serum than was the case while the fat was present in 
one globule. 

For illustration, take two globules of fat having a diameter of 
4 and 2 inches respectively. The squares would be 16 inches 
and 4 inches respectively; their cubes would bt' 64 inches and 
8 inches respectively. It will thus be seen, according to the 
law quoted above*, that the larger globule iias a surface only four 
times as great as that of the smaller one; but the cubical content 
of the larger globule is eight times that of the smaller one. This 
illustrates why the large globules rise in cream quicker than 
the small ones. In this particular instance the upward force 
the larger globule is subjected to is eight times greater than 
^hat of the smaller one, while the resistance force is only four 
times as great as that of the sniall one. 

Adhesion of Milk. — Mornud sweet milk adheres to wood, 
glass, and na^tals to a greater extent than does water. Whole 
milk has greater adhesive properties than skimmed milk. 
A f)aper rnoistemed with milk or cream makes a label that 
will stick to any dry object; the same pa])or moistened with 
skimiiu'd milk has less adhesive power. The adhesive prop- 
erties of milk are also due to the condition of the nitrogenous 
ni;in(‘r, "Ihis fact is made use of in painting and whitewashing. 
Slacked lime, when mixed with buttermilk, or milk of any 
kind, gives a whitewash wdiich will remain on objects much 
longer than that made by mixing with water. 

Viscosity of Milk.—Milk is more viscous than water. The 
df'gree ol viscosity of fresh milk varies chiefly with the tern- 
p(‘ratur(' and fat content. vSo far as understood, the lower 
the temperature, the greater the viscosity. Develofanent of 
acid, and higii temperature lessens the viscosity of milk. Pas- 
teuiized milk or cream is less viscous than the same milk or 
cream unpast(‘urized. This lack of body can again be restored 
by adding a little viscogen, as recommended by Babcock 
and Kussell, It is advisable not to use it, how^ever, as it does 
not add materially to tlie nutritive value of milk. It merely 
restores the body. 
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The great viscosity of thick and cold cream has been 
encountered by most butter-makers when attempts have 
been made to churn cream under such conditions. It adheres 
to the inside of the churn and does not agitate. It simply 
rotates with the churn. Cream that is cold and thick 
whips more easily than thin and warm cream. The viscosity 
is so great that tlu‘ air incorj)orated cannot escape so easily. 
In ice-cream making, a greater yield is o})tained l^y using 
cold and thick cream. The air, when once incorporated, 
cannot easily escape, owing to tht‘ gn'at viscosity of such 
cream. 

Specific Heat of Milk. — The s])ecific heat of itiilk is less 
than that of water; that is, it re(|uires less heat to warm a 
detinite amount of milk to a certain temperature than it does 
to heat the same (juantity of water to the same temperature. 
It also tak(\s less ic(' to cool the same volume of milk to a c(u- 
tain tenijjerature than it does to cool the same (jiaintity of 
water to the sam(‘ temperature. The specific heat of milk 
is, according to Fjord, .94. The specific heat of (*r('am is 
about .7. It varic's according to the perchntage of fat in the 
cream. The specific lu'at of })Utter is about .4. From these 
figures it will b(' s(‘en that it tak(\s l(\ss heat to warm milk, 
cream, and butter, and less cold to cool the same' substances, 
than it does to heat and (‘ool water; but it takes a longer time 
to lu'at or to cool milk, cream, and butter; that is, the milk, 
cream, and butter are not as rapid conductors of heat and 
cold as is watcT. 

The maximum density of milk is not, like water, at 4^ C. 
but at about .3° V. Thf‘ boiling-})oint of milk is a trifk' higher 
and the freezing-point a trifle lower than that of wat(T. 

Effect of High Heating (i8o° and above) on Properties of 
Milk. — Tine chief effects of heat u})on milk may be summarized 
in the following lieadings: 

(1) It destroys nearly all germs present in the milk. 

' (2) it diminishes the viscosity, or body. 

(3) It drives off gases 
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(4) It imparts a cooked taste (especially if not heated and 
cooled properly). 

(5) It precipitates some of the albuminoids and ash con- 
stituents. 

(G) It destroys the properties of enzymes present in milk. 

(7) It divides or splits up the fat globules. 

(8) It caramelizes some of the sugar. 

1. Destroys Nearly All Germs. — Heating milk to a tem- 
perature of about 180^ F. for ten minutos destroys most of 
the germs present in milk. This is the temperature used 
ehi(4]y in creameries lor pasteurization. The details concern- 
ing lju‘ different effects of temperature upon growth of germs 
ia’op(Tly comes under the heading of bacteriology, and will 
be referred to more in detail in the chapter on Bacteria in 
Milk.” 

2 , Diminishes the Viscosity, or Body. — Heating milk or 
cream diminishes the \iseosity of these substances; that is, 
th(‘ body or consistency is lessened; and in cities where milk 
or cr(‘am is sold directly to consumers, heated milk appears 
as if it had been adulterated. This diminution in the body 
is claimed to be diu‘ to a breaking up of the fat-globules and 
th(* cas(‘ous fnatter. The chemical union of some of the cal- 
cium salts and the casein is altered or destroyed. 

Th(‘ (‘onsistency of milk or cream can be restored by adding 
a substanci' named viscogen. Russell and Babcock* advise 
this method of overcoming the apparent defect caused by 
h«‘ating. It consists of making a strong solution of cane-sugar 
and mixing it with freshly slacked lime. This mixture is 
all()W(‘d to stand, and the clear solution coming to the top 
is th(' viscogen, which, when drawn off and used in the pro- 
jwrtion of one part of viscogcai to from 1(X) to 150 parts of 
cream, restores the body of cream or milk. This is due to 
the fact that viscogen causes the fat-globules to cluster together 
again, and the lime in the viscogen may combine with the 


* Bulletin No 54. Wisconsin 
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nitrogenous constituents in such a way as to aid in the resto- 
ration of the body of the cream or miik. 

Nearly all dairy laws forbid the addition of any foreign 
substances to milk or cream. If viscogen is added, Babcock 
and Russell suggest to name it visco-milk, visco-cream, etc. 
When this modification is made, then no objection can be 
raised to its legitimate use. 



Flo. 0 — Mirrosoopio anpearanoe of milk, showing natural grouping of the 
fat-globules. Single group in circle, highly niagnitied. (From Bui 64, 
Wis.> 

3 . Drives off Gases.— When milk is heated, taints, and 
gases of different kinds pass off to some extent. This is facili- 
tated by heating and stirring in an open vessel. Many of 
these gases also escape when milk is aerated and cooled in a 
pure atmosphere. 

4 . Imparts a Cooked Taste. — When milk is heated to 160® F. 
or above, it assumes a distinctly cooked taste, which makes it 
disagreeable as a food for many people. On this account, 
milk for city supply in America is generally not heated. 
In a few cities where milk is consumed directly, heating and 
cooling (pasteurization) has been generally introduced. It 
is said that people can become accustomed to tliis cooked 
flavor and ac^quire a liking for it. Wlien milk is not heated 
liiglier than 180® F., nor exposed to the heat veiy long, and 
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cooled quickly, the cooked taste can be greatly reduced and 
almost entirely avoided. Where heating or pasteurization 
of cream has been adopted, as in some creameries, the pre- 
vention of this cooked flavor in the butter is of vital importance. 

The reason why tliis cooked flavor forms in milk when 
heated is not well understood. It is supposed to be due to 
the effect wliich heat has upon the niliugeneous constituents 
of milk. 

5. Precipitates Albuminoid and Ash Constituents. — When 
milk is heated, there is a tendency for the soluble salts and a 
poilion of the albuminoids to be thrown down, or changed into 
an insoluble form. 

The higher the milk is heated, the greater is this tendency. 
Hy subjecting a sample of milk in a flask to intense heat, and then 
allowing it to stand, a line white sediment will be deposited on 
the bottom. This is bcdieved to be minerals precipitated from 
the milk. 

When milk has been heat(‘d to about 170° F., and cooled, 
rennet is unable to precif)itate the curd in a normal way. The 
curd resulting from adding rennet to pasteurized milk is floccu- 
1( nt in nature. It does not assume that smooth and even 
texture tlint curd from raw milk has when precipitated with 
r(*nnet. This abnormal bcdiavior of pasteurized milk towards 
Teiinet can be reestablished ))y adding a small quantity of 
calcium clilorid(‘ (Fa(d). Whether this would effect the 
(juality of cheese materially has not yet been determined 
definitely. Ac(*ordiiig to 0. Fascetti,* if pasteurized milk is 
used for cheese-making, the cheese ripens more slowly than 
whim made from raw' milk. The same investigator also claims 
that a larger quantity of cheese is obtained per 100 parts of milk 
when f)asteurized milk is used. 

6. Destroys Properties of Enz)unes. — As was mentioned in 
the composition of milk there is a substance normal to milk 
named galactase. This is an enzyme. By heating milk to 


♦ Exper. Sta. Record, Vol. 15, No. 10, 1904. 
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about 175° F. the properties of the enzyme are destroyed Owing 
to this it is easy to detect whether a certain sample of milk has 
been pasteurized or not. Galactase is present in so small a 
quantity that it could not be determined in milk quantitatively. 
It must be detected in a qualitative way. 

The test used and invented by Storch, of Copenhagen, 
Denmark, is to put a small quantity of milk in a test-tube, add to 
it a small quantity of a weak solution (2',^) of hydrogen peroxide 
(H 2 O 2 ), a small quantity of potassium iodide, and a little starch 
solution. The whole mixture is then shaken. If the mixture does 
not change in color, it has been heated to at least 170° F. If it 
turns blue, it has not been heated to a sufficiently high tempera- 
ture to destroy the properties of the enzyme present in the milk. 
Another test which can be used in distinguishing raw milk from 
scalded or boiled milk is to take 10 cubic centimeters of the milk 
to be tested, add 19 ( of recently prepared aqueous solution of 
‘‘Ortol,” and then one or two drops of hydrogen peroxide. If 
the milk has not been heated, a vivid red color is produced. 
Heated milk shows no effect. 

7. Divides the Fat-globules. — The fat-globules in normal 
milk are grou])ed in minute clusters. When milk is heated, 
thes(‘ clusters break up, and each globule exists more or 
less indei)end(aitly. When heated to an excessively high 
temperature, and exposed to this temperature very long, the 
fat-globules tend to run together. This can be proved by 
heating milk in an open vat for about half an hour. A small 
amount of yellow fat will then be seen floating on the top. 

8. Caramelizes the Sugar. — The brownish color which the 
milk assumes when it is heated excessively is due to a change 
which the milk-sugar undergoes. Fleischmann claims that the 
sugar begins to change into a substance known as lacto-caramel 
at a t(‘mp(‘rature of 100° F. This change, however, is not 
pronounced tMiough to be apparent in the color, unless the milk 
is heated a long time. The higher the temperature is, and the 
longer it is exposed to the heat, the more pronounced is the 
change. 
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General Remarks. — While all of the above changes have 
been found by investigators to take place when milk is heated, 
they can, in a measure, be avoided, if special precautions are 
taken in the heating and cooling of milk with the special, 
recently improved forms of apparatus for heating and cooling 
milk. The heating to 160° J^\ can be accomplished without 
changing materially the chemical or physical properties of 
milk.* Rapid heating and rapid cooling seem to be two essen- 
tial s in order to prevent changes from occurring in the milk. 

I'jadon, Koshe, and llertel in Exp. 8t. Record, \'ol. 14, No. 5. 
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FERMENTS IN MILK. 

Definition. — Tlic changes which milk undergoes by standing^ 
at a suitable temperature are called fermentations. The 
causal agents are called ferments. There are two kinds of 
ferments in milk; viz.: (1) the organized, and (2) the unorgan- 
ized. The latter includes the enzymes. So far as known, only 
one ])re-existing enzyme is found in milk. This one was dis- 
covered by Pussell and Babcock. They named it galactasr. 
It is a tryptic ferment. This galactase is present to such a 
small extent in milk that it exercises very little influence upon 
the characteristics of milk. If the milk were rendered entirely 
sterile or frc'c from organized ferments, the fermentative changes 
would proceed at an unusually slow rate. The galactase has 
bc'cn suggestc'd to be of some importance to the butter-making 
Industry. T'he properties of galactase, like those of any other 
enzyiiK*, are destroyed by heating to or above a temperatui*e of 
about 175° F. 

The organized ferments are by far the most important to the 
dairy industry. It shoukl be understood in this connection 
that th(' organized ferments may produce unorganized ferments, 
or enzymes, as j)roducts, but these produced enzymes do not 
exist in milk, like galactase, when it is first drawn from the cow. 
The organized ferments of milk consist chiefly of bacteria. 
There are present also some yeasts and molds. 

It is a common impression that bacteria are animals, which 
is incorrect. Bacteria are minute microscopical plants, belong- 
ing to the lowest order of plants in the vegetal^ie kingdom. 
Bacteria differ from the drdinary plants that we see, in that 
they are comjxjsed of a single cell containing protoplasm, 

44 



FERMENTS IN MILK. 


45 


while the plants that we see in every-day life are aggregations 
of cells. Some bacteria are motile, while others are not. 

Size and Shape of Bacteria.-— In size, bacteria are the smallest 
organisms that exist, so far as known. The size varies con- 
siderably. Russell* gives the average diameter as 
of an inch, They are so inconceivably small and light that 
nine hundred l)illions of them would only weigh jV of an 
ounce.! 

Bacteria also vary coasiderably in shape. They are as a 
rule classed into three groups: (1) The bacillus, or rod-shaped; 
( 2 ) The coccus or ball-shaped; (3) The spirillum or spiral- 
shapcxl (like a corkscrew). Some types of bacteria are clas- 
sified according to the way in which they adhere to each otla""’. 
For instance, when two cocci occur together and form a pair, 
they are called (rii)lococci, when bacteria occur in chains, 
th('>^ arc* called strepU)(*occi, when bacteria appear in bunches 
they an* called staphylococci, etc. 

F\voR.\nLE Conditions for Bacterial Growth. 

Food. ~ Bacteria are like other })lants in nature, — they need 
food for tlteir existence. However, they require their food in 
solution. Nitrogen, carbon, oxygen, and mineral matter are 
e>sentials for bacteria. These substances are furnished in 
abundance in milk from casein, albumen, milk-sugar^ and the 
mineral salts. Butter-fat in milk is said to be of little value 
as a food for bacteria. 

Some bacteria prefer a substance having an acid reaction in 
which to grow; others thrive best in an alkaline medium. 
Most bacteria, however, }>refer a neutral or slightly alkaline 
substance. Darkness is essential to some bacteria, and is 
prtiferred by the majority of the different species. Bright 
sunlight is a very effective germicide. It is fatal to all species, 
so far as known. Some germs require air for their growth. 
These are called aerobic. Others again grow only in the 

♦ Dairy Bacteriology. t Milk, Its Nature and Composition, by Aikman, 
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absence of air. These are called anaerobic. Some grow under 
either or both conditions, and are called facultative aerobic or 
facultative anaerobic. 

Temperature.— Favorable temperature is essential to bac- 
terial growth. Temperature is, indeed, the most important 
means by which the growth and development of bacteria can 
be controlled. The range of temperature at which bacterial 
growth can occur may be placed between freezing-point and 



Fic! 7. — a, single haoteriuni; h, progeny resulting from the growth of a bac- 
tieriuin during 24 hours in milk at 50° F ; r, progeny of a bacterium 
durinjE^ 24 liours growtli in milk at 70° F At 5()° F multiplication was 
5-lold At 70° F. the multiplication was 750-fold. (Bui. 2G, Storrs, Conn.) 

a little above 110° F. The growth of bacteria at these ex- 
treme temperatures is very slight. Even at 50° F. the rate 
of growtli is very slow. According to experiments conducted 
by Dr. Conn, the multiplication of bacteria at 50° F. was 5- 
fold, while at 7(F F. the multiplication was 750-fold. The 
following tabl(‘ shows the number of bacteria per cubic centi- 
meter in milk kej)t at diherent temperatures:* 
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In 12 


In 50 Hours 

No. of 

No. of 




or at 7'ime of 
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* Bull. 26 Siorr’s 8tn., Coim 
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All bacteria do not have the same optimum growing tem- 
perature. Some species develop most rapidly at one tempera- 
ture, while other species prefer a different temperature for the 
greatest development. It is on this account that certain tem- 
peratures are employed in ripening of starters and cream. 
According to I’esearches by Conn, Bacillus Jmtis aerogenes 
develops very lapidly in milk at 95"^ P . It produces mucli gas 
and an uni)]easant flavor in the milk This particular species 
sours milk veiy rapidly. As a rule, milk wdiich has been held 
at this high temperature, contains a })ref)onderance of this 
uiKk‘sirable s{)eci(\s of bacteria. At 77'^ V. results are more 
unt-ortain. The sptcies of bacteria which will predominate in 
milk at this tempcTature depends in large measure upon the 
number of each kind present. According to Conn, Bacillm 
Inctis acidi has (he highest relative growth at about 70° F. 
"Ihis particulai specie's produces no gas, and is desirable to have 
})rc‘s(‘nf in cream foj' butter-making. Milk ke))t at this tem- 
IH'ratiire will, in most cases, providing it has previously been 
prop(‘i’ly treated, develop a pleasant acid taste, will curdle into 
a smooih uniform coagulum, and wdll contain a preponderance 
of th(' s}){'cies of germ mentioned above. 

At as losv a tem})erature as 50° F. acid-producing types of 
bacteria do not develop very well. But Conn maintains that 
at this t(‘mperature miscellaneous species of bacteria develop 
that produce unfavorable results. While milk does not easily 
sour at this temperature, it should be remembered that un- 
desiiable genus are constantly developing. 

As it is practically impossible to exclude all of the bacteria 
from milk during milking and the handling of the milk, it 
is very essential that the multiplication of the germs present 
be checkcui, or at least retarded; and this can be done by 
controlling the temperatun* of the milk. As low temperature 
is effective in checking the multiplication of the bacteria, the 
sooner the milk can be cooled after it is drawn, the better it is 
for the keeping quality of the milk. 

Moisture.— Moisture is one of the essentials for bacterial 
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growth. As milk is composed largely of water, bacteria find in 
milk a good medium for growth. All the other required food 
elements are also found in abundance in milk. ‘Damp utensils 
and rooms are always more conducive to the growth of germs 
than are utensils and rooms wliich are thoroughly dried and 
ventilated. This is well illustrated by a refrigerator. A very 
damp dark refrigerator is always more conducive to the growth 
of molds in butter than is a dry refrigerator. 

Unfavorable Conditions for Bacterial Growth. — The reverse 
of the favoraljle conditions mentioned above would be un- 
favorable to the growth of bacteria. As it is practically irn- 
pr)ssib]e to make conditions unfavorable for the growth of 
bactta-ia by taking away food, other means must be used. 
h]xtr(‘mely high temperatures destroy bacteria. Low tem- 
peratures check their growth, but so far as known do not 
dc'stroy them. Absence of moisture and presence of direct 
sunlight are conditions which are not conducive to bacterial 
growth. Certain chemical substances when added to milk, or 
to the medium in wliich the bacteria are present, are very un- 
favorable to their growth. Some of tliese chemicals entirely 
(U'stroy all germ life when added in even very small quantities. 
Tlu‘s(‘ ar(‘ called disinfectants (formaldehyde, corrosive subli- 
mate, (‘tc.). Other chemicals are more mild in their effect upon 
germ growth, and merely inhibitor retard the growth of Jiiicro- 
ojganisms. The chemicals which have this milder effect upon 
germs are called antiseptics. Boracic and salicylic acids are 
examples, l^ractically all disinfectants are violent poisons, and 
should not be used in any quantity or in any form in milk 
or dairy pi’oducts which are intended for human food. The 
milder preservatives, or the antiseptics, are, as a rule, not so 
poisonous or injurious to human health. In some countries 
they are alloW(‘d to a small extent. For instance, according to 
reports, the laws of Kngland permit the use of boracic acid to 
the extent of 0.5 of one i)er cent. It is, however, ’’safest not to 
use any of these chemicals, except for preserving samples for 
analytical or similar puri>o.se8. As low and Iiigh temperatures 



FERMENTS IN MILK. 


49 


are so effective in producing unfavorable conditions, these should 
be chiefly employed in controlling the growth of micro- 
organisms in the dairy industry 

Kind of Germs Found in Milk.— The number of species of 
germs found in milk has not yet been definitely established, 
due chiefly to the fact that it is in sotne instances difficult 



Fra. 8, — Shows a plate exposed in pasture where air must have been very- 
pure and free from germs. (Bui. 87, Nebraska.) 

for bacteriologists to differentiate one species from another. 
The description of one species of bacteria by two different bae- 
tei’iologists may vary considerably, as the characteristics of 
tht‘ gernrs depend so much upon the conditions throughout 
the classification process. Over 200 different species have 
been described. It is possible, however, though all of these 
types may have different morphological and physiological 
characteristics as described by different bacteriologists, that 
some two or more of the 200 types may belong to one species. 
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For this purpose, it is sufficient to classify the bacteria into 
three groups; viz., (1) those which are harmful to the butter- 
making industry, (2) those which are boneficml, and (3) those 
which are indifferent, or produce neither good nor bad results. 

From the farmer^s or milk-producer's standpoint, none 
of tlujse bacteria are desirable. Each milk-producer should 



Fig 9. — Shows a plate exposed one-half minute under a cow’s udder treated 
with a 5^/r solution of carbolic acid. (Bui. 87, Nebraska ) 

make it a i)oint to prevent their entrance and suf)press their 
(k'vt'lopnu'nl in milk and cream to as great an extent as j)os- 
sihle. The creauuTy operator should endeavor to suppress 
all of the harmful germs, and foster the development of the 
desirable ones. 

Th(' germs which are desirable belong chiefly to the acid- 
producing types. They are often called lactic ferments. 

The harmful bacteria include those which produce bitter 
milk, red milk, blue milk, yellow milk, slimy milk, etc. There 
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is a number of species belonging to this group. The patho- 
genic germs, or disease-producing bacteria, must also be classed 
with the harmful bacteria. It i.s not the intention in this 
work to give an extemled discussion of this subject. For 
.such discussion see special works on Dairy Bacteriology. 



I II ' 10 .Shows plate exposed one-half minute under co'w’s udder treated 
hy luereiy brushing with the liand; each little spot repre8ent.s a colony 
of .soino kind of bacteria, (Uul. 87, -Nebraska ) 

Number of Bacteria in Milk.— The number of bacteria 
found in milk varies so much that it is practically impossible 
to .-late accurately the average number. The number of 
germs found varies according to several conditions, such as 
degree of cleanlinc.ss of cows, utensils, and milker; degree of 
purity of the atmosphere when the cows are milked; and 
the temperature at which the milk i.s kept. When the milk 
is being product'd^ under the best practical sanitary conditions, 
the number of germs need not exceed 10,000 per c.c. Such 
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results cannot be obtained unless extreme precautions are 
taken. Milk produced under average farm conditions sel- 
dom contains less than 50,000 germs per c.c. shortly after the 
milking. Milk which is produced under filthy conditions, 
wd which is several hours old, may contain several millions 
of bacteria per c.c. 

Sources of Bacteria in Milk.— Except in the cow’s udder 
where they are present to only a small extent, bacteria are 
present almost everywhere. They float in the atmosphere 



Fio 11 — ^The wrong and the right kind of a milk-pail, a, the ordinary 
type of pail showing sharp angle between sides and bottom; B, the same 
pro^^erly flushed with solder so as to facilitate thorough cleaning. The 
lower figure represents a joint as ordinarily made in tinware The de- 
pression a affords a place of refuse for bacteria from which they are 
not readily dislodged This open joint should be filled completely with 
solder. (From Bui. 62, Wis.) 

and adhere to particles of dust. Especially is this so in the 
dusty cow-stable. They are present in all well water to a greater 
or less extent. They are very abundant in streams and rivers. 
They are present in the soil to a depth of several feet, the 
number decreasing with the depth. As these germs are prac- 
tically present everywhere, the source of germs in milk may 
be said to be all around us. The principal sources of germs 
in milk are, however, unclean dairy utensils, unclean cows, 
and unclean surroundings. As the^e germs umitiply chiefly 
by fission, or by one cell dividing into two, it is plain that the 
number of germs will increase very rapidl)^ under favorable 
conditions. Under the most favorable conditions it requires 
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approximately twenty minutes for this process of fission to 
take place. 

Some germs develop small bodies within the cell; called 
spores. It is not difficult to destroy the sporeless cell by 
heat, but the spores are very resistant to unfavorable con- 
ditions. The spore-bearing bacteria cannot be destroyed by 
boiling. The heating destroys the vegetative cell, but the 
spores still remain. In order to destro} the germ in the spore 
form, it is essential that the milk be cooled to a temperatui*e 
favorable to growth, ami then allow the spore to develop into 
a r'cgetative cell. If heat is again applied, the milk can be 
reiuk'red entirely sterile. Usually three or four successive 
heatings and coolings are necessary in order to render the milk 
complet(‘ly sterile. A single heating under pressure (15 minutes 
at 15 pounds) kills them at once. 

It has been demonstrated by several investigators that 
freshly drawn milk is not a good medium for bacteria to develop 
in. In fact, several experiments seem to indicate that milk 
a(‘ts as a germicide to certain varieties of bacteria. F or instance, 
the ('holera germ is to some extent destroyed in fresh milk, 
but it is not known to what extent. Organisms producing 
acid check the multiplications of these pathogenic bac- 
t(‘ria. This germicidal property is said to be common, to a 
gr<*ater or less extent, to all the animal secretions. 

Effect of Thimder-stonns on Souring of Milk. — It is a coinrnon 
im]>ression that thunder-storms hasten the souring of milk. 
Tills was attributed to the electricity in the air accompanying 
the storm. Experiments by several investigators have proved 
that electricity does not have any effect on hastening the fer- 
mentative changes of milk. The reason why milk sours quicker 
whfui an electrical storm is approaching, is that the air tem- 
perature is usually higher then than at any other time. This 
high(T temperature warms the milk and creates more favor- 
able conditions for the rapid multiplication of the germs present 
in the milk. It is for this reason that milk sours quicker during 
or previous to a thunder storm than at any other time. 
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Colostrum Milk. — Colostruin is the milk yielded immediately 
after calving. As the time of calving approaches, a cow usually 
diminishes in her milk-producing capacity. Most cows become 
dry about two months previous to parturition. If they do not 
naturally stop giving milk, they should be dried up so as to have 
a seven week’s rest before calving. When the rest has been 
giv('n, the cows yield, immediately after calving, milk which has 
a (‘omposition and characteristics different from those of normal 
milk. If the cow continues to give a copious flow of milk up to 
the tim(‘ of calving and is not allowed any rest, the difference 
in the milk yielded before calving and after calving is compara- 
tively slight. 

Th(‘ composition of colostrum varies considerably during the 
first thr('(' days after calving. According to Engling, as reported 
by Richmond, the composition is a follows: 


Water, 
Pat. . . 


Albuminoids 


j Casein . . 
I Albumen 


Sugar, 


Ash 


71 69 % 
3 37 
4.83 
15.85 
2.48 
1.78 


Colostrum greatly changes in composition and appearance 
as it gradually assumes the characteristics of normal milk. It 
is at first reddish yellow^ in color, and has a viscous and slimy 
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consistency. It is a food which the newly born calf should not 
be deprived of, as it seems to be specially suited for the digestive 
tract of the young calf. 

It will be seen from the a])ove table that the water content 
of colostrum is less than that of normal milk. The fat content 
is a it tie 1ow(t than that of normal milk. The most striking 
characteristics of colostrum, however, are the low content of 
sugar, and the large amount of albumen. Of the latter substance 
v(‘ry little is present in normal milk. The mineral constituents 
of colostrum also run <|uite high. The specific gravity of 
e(tlostru:n varies from 1.046 and 1.079. When boiled, the 
iiitrog('nous matter (‘oagulat(\s. The colostrum is not considered 
to b(‘ suitable for food until about four days after jiarturition. 
W h(‘nev(‘r it can )k‘ boiled without coagulating, it is claimed 
to l)(‘ safe to use. At times a cow’s udder becomes inflamed 
aft('r calving. In such cases the abnormal equalities of the 
(‘ow’s milk will extend over a greater ))eriod of time than that 
mentioned above. 

Salty Milk.-— The average (‘hemical analysis of salty milk as 
calculated from results obtained by the analysis of such milk 
fiom four (‘ows given by Boggild,* is as follows: 


Water 91.09 

Tat 2.09 

Nitrogenous matter 2 90 

^^ugar 3.01 

Ash 85 


Tt has an average specific gravity of 1.0244. 

Salty milk do(‘s not occur very often, but whenever it does 
occur, it is difficult, and, so far as known, impossible to cure 
without drying up the cow. Two samples of such milk have 
recently come within the author’s notice. It had the appear- 
ance of normal milk, had a foul smell, and very salty taste. 


* Maelkeribruget in Denmark. 
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The two samples contained 1.7% and 1.9% of fat respectively. 
They soured and curdled in a normal way at living-room tem- 
perature in about thirty hours. At this stage they were very 
foul in smell, and unpleasant in taste. 

The cows which had produced this milk had both calved 
about three months previously. It occurred in the month of 
July, when pastures were quite good. The udders of the cows 
were in an apparently normal condition. At first it was thought 
that some conditions in the pasture caused this abnormal milk. 
The cows were taken into the barn, and fed on dry food for 
two weeks, but without any change in the quality of the milk. 
Gradually they dried up. 

Tlie reason for the secretion of this salty milk was laid to 
the long time which the cows had been yielding milk without 
any rest. They had been given no rest previous to the last 
calving. It is also believed that this quality of milk will occur 
mor(‘ frequently when the cows are near the close of their 
lactation })eriod. 

Wliile the above two causes are perhaps the most common, 
they are not the only ones. Salty milk has been obtained from 
cows to which these reasons could not be ascribed. Bdggild has 
found that salty milk has been secreted by cows with abnormal 
udders. He has also demonstrated that it was the diseased part 
of the udder from which the salty milk was yielded. Tlie healthy 
portion of the udder yielded normal milk. It is possible that 
an obscure, diseased condition of the udder may be the entire 
cause. 

Salty milk is of course undesirable in the dairy or creamery. 
It is very disagreeable to the taste, and in a fermented stage 
l)ecomes very foul. 

Bloody or Red Milk. — Bloody, or red milk is caused, first, 
by an abnormal condition of the cow’s udder, which may or may 
not be apparent; and second, a red color may be developed in 
milk after standing, through the action of bacteria. 

The bloody milk. caus(Kl by an inflamed udder, often assumes 
a reddish-yellow a})pearance, and may, if not examined care- 
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fully, be mistaken for colostrum. Bloody milk produced by an 
inflamed udder, may be distinguished by noticing small blood 
particles, which will settle to the bottom, and can be noticed if 
the sample is placed in a glass test«tiib(\ Bloody milk caused by 
bacterial growth does not show the blood at the bottom, but 
instead, previous to stirring the milk or cream, it appears on 
the surface in small red dots. The red color which commonly 
occurs in milk is due chiefly to a species of germ called Micro- 
coccus prodigiosns. Colostrum will show reddish cream on the 
surface, but no blood~like material will separate out. 

Blue Milk. — Blue milk is quite commonly found. Formerly 
it vas thought that this color was due to the condition of the 
caseun in the milk, but since more has been discovered in regard 
to the effect of germ life upon conditions and properties of milk, 
it has been proved that blue milk is caused by bacteria* {Bacil- 
lus cyanogcmis). This particular germ produces the blue color 
in the milk only when the milk lias an acid reaction. When 
sterile milk is inoculated with this particular germ, the blue 
color is not produced, but by the addition of a little acid, or by 
inoculating the milk with the bacteria that produce lactic acid, 
the blue color is produced. This seems to be one of the instances 
of symiriotic action of bacteria, in milk. There are probably 
other causes, but tliey are not known. This germ, according 
to Aikman, is killed by heating the milk to about 176° F. The 
germ ceases to work as soon as milk is coagulated. 

Yellow Milk. — According to Aikman,* yellow milk is caused 
chiefly by one species of bacteria, named Bacillus synxanthus. 
This micro-organism belongs to the group of ferments that act 
U})()n the fat of milk. There are different shades of yellow 
pro<luced in milk, caused by different species of bacteria, but 
the above-mentioned one is considered to be the principal cause. 
Some produce a brilliant yellow color, while other species first 
curdle the casein, and then digest or dissolve it into a yellow 
or amber-colored liquid. 


♦CM. Aikman, in ‘^Milk, Its Nature and Composition.^' 
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Ropy Milk. — The slimy or ropy condition of milk is not 
common. It is sometimes found in milk handled by milk- 
dealers and is caused by certain micro- 
organisms. Aikman mentions the fact that 
no less than eighteen different distinct organ- 
isms have been identified as associated with 
this slimy fermentation. Most of the inves- 
tigators agree that two organisms are chiefly 
responsible for this slimy condition. One of 
these is Bacillus laciis viscosus.^ This germ 
has been found to be frequently present in 
surface waters. The very fact that milk- 
dealers in cities are occasionally troubled with 
this sliminess in milk indicates that precau- 
tions are essential in order to avoid the pres- 
ence of this ferment in milk. This gernq when 
it once gains entrance to a milk establishment, 
is very difficult to eradicate. In order to 
overcome this trouble it may be necessary 
to cover the whole inside of the milk-store, 
and all of the vevssels used for handling the 
milk, with sour coagulated milk. The lactic 
acid germs present in this milk gains OvSeend- 
Fig 1 2 — ■ Slimy ency over the germs causing sliminess, and 

milk; this milk . ® , i- , 

would “string in that way the trouble may be eradicated. 

Streptococcus hoUmdicus t is another spe- 

(From Bui. eies which produces sliminess in milk. This 

^ particular organism is used in Holland as a 

starter. The starter containing this particular germ is added 

to th(^ milk used in the manufacture of Edam cheese, in order 

to control or check the gassy fermentation which may be present 

in it. 

Bitter Milk. — This is one of the most common kinds of 
abnormal milk, and like some of the others, may have more 


* Adarnetz Landw. Jhr., 1891, p. 185. 
t Milch Zeit.^ 1889, p. 982. 



Fig. 13. — Showing effect of gassy fermentation in milk. The floating curd in 2 and 3 shows the presence of 

gas-producing ferments. 
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than one cause. It may be due to some undesirable food that 
the cow has eaten, or to the development of certain germs in 
the milk. If caused by the food eaten by the cow, the bitter 
taste is recognizable immediately after the milk has been drawn. 
If it devefcps on letting the milk stand, it is caused by bac- 
terial growth. 

Several germs have been found to be associated with the 
production of this bitter flavor in milk. Conn has described a 
micrococcus which produces a bitter flavor in milk. Weig- 
mann has described a bacillus which also produces bitter 
flavors. Nearly all of the investigators agree that the germs 
causing the bitter flavors in milk belong to the group which acts 
upon the casein in milk. The bitter flavor is most commonly 
found in milk that has been heated, and then cooled to a low 
temperature. The heat destroys the bacteria that produce 
lactic acid, but does not kill those that produce the bitter 
flavor, owing to the fact that they are spore-producing. 

The germs that produce a bitter flavor do not develop in 
milk that is partly soured, because an acid reaction is un- 
favorable to their growth. 

It was formerly thought that the organisms that cause the 
bitter flavor in milk produced butyric acid. Tliis theory, 
however, has been largely overthrown, as it has been found that 
the germs caasing bitter flavor are chiefly of the kind which 
pei)tonize the casein and produce gas. 

Milk from Cows which have Been in Milk for a Long Period. 
— The difference in the composition of the fat yielded by cows 
in different stages of the lactation period seemingly does not 
affect the quality of the milk to a noticeable extent. If the 
cows have k^n giving milk an unusually long time, then the 
milk may become abnormal. 

Th(' imjmrities in the small amount of milk yielded by cows 
almost dried up are quite apparent, and the causes of the 
presence of these impurities are readily understood. The 
small amount of milk drawn from such a cow would contain 
a proportionately larger amount of dirt and germs than would 
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a larger amount of milk drawn from a cow yielding more milk, 
providing the cleanliness of the u^er and manner of milking 
were the same. Cows giving a gdod quantity of milk alwfiys 
seem to have a cleaner udder. This has been laid % the more 
vigorous circulation of the blood in the udder of tliH cow that 
yields a larger portion of milk. 

When cows calve once a year, and have rest of about seven 
weeks previous to parturition, if proper precautions are taken 
concerning cleanliness, they seldom yield milk from which a 
first-class quality of butter cannot be produced. In practice 
this regularity of calving Joes not always exist. Several in- 
stances have come within the author's notice where cows have 
been in milk for two years or more without coming in fresh. 
Such a condition happ(ms quite frequently on small farms, 
where the cows k(q)t are so few that it is deemed imprac- 
ticable to keep a bull. As a conse(iuence cows are not 
served at the proper time, and great irregularities in calving 
are introduced. 

At times it also happens that cows become barren. In 
such a case they are usually milked as long as they will pro- 
(lu(*e even a very small (quantity of milk. Milk produced under 
such conditions is likely to become abnormal in character. 
It may remain normal with a slight increase in the fat-content. 
The abnormal milk, so often complained of, is usually la-ought 
about by similar circumstances. It is a common belief that 
milk yielded from such animals always contains a high fat- 
content, but it may contain very little fat. It may be salty. 
It may also apj)ear normal, and jthe cream when separated 
appear viscous and dead. Boggild states that the milk at the 
creamery from one barren cow has more than once pro- 
duced difficult churning. 

Milk from Spayed Cows. — H. Lcnnat has given this kind of 
milk considerable study. He finds that milk from spayed 
cows may vary in quality to the same extent as milk from normal 
cows. The solids of milk, as a rule, increase as the spayed 
cow advances in the milk-giving period. Especially was this 
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noticeable in the fat, sugar, and casein. Such milk is con- 
sidered to be of extra good quality, and is recommended as 
being especially suitable for infant-feeding. 

Milk from Sick Cows.— Too much cannot be said against 
the use of milk from sick cows. As soon as the cows decliiu' 
in health, the quantity will be noticeably decreased, and the 
quality is usually abnormal The kind of milk yielded varies 
with different cows and different diseases, but it is interesting 
to note from the study of this subject, by several men, that 
the milk-secreting glands are quickly affected by disease and 
are unable to perform their proper functions. Even a slight 
derangement of the digestive organs is said to have a marked 
inlluence upon the flavor of the milk and butter. When cows 
do not clean well after calving, the milk secreted by them 
always has an undesirable taste. During the time of sexual 
excitement of the cow, milk is usually decreased in (juantity, 
and in a great many instances assumes a very disagreeabl(‘ flavor. 

When a cow’s udder is inflamed, the milk usually assumes 
an abnormal condition. It usually contains large, while, 
slimy lumps. According to Bang,* this is caused by a small 
round bacterium, and is contagious. When this germ is in- 
oculated into the udder, the cow gets feverish and the milk 
becomes slimy. 

When cows become inf(‘cted with tuberculosis to such an 
extent that the udder shows h'sions and nodules, then the 
composition and appc'arance of the milk is altered consider- 
ably. Milk from such cows contains tubercle germs, appears 
yellowish brown in color, and has an alkaline reaction. The 
composition of such milk has Imhui studied in Denmark and 
reported by Boggild to be as follows: 


Water 88.79 

Fat...^ 3.A5 

Albuminoids 5.69 

Sugar 1.25 

Ash 94 


* Maelkeribruget i Danmark, by libggild. 
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Fiq. 14.~-The carcass of an animal killed for beef, showing tuberculosis of 
the liver, omentum, and lungs. Generalized tub^culosis (Bui 229 
Cornell, N. Y.) ‘ ’ 
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These results represent the average of four samples taken 
from the diseased part of the udder. It will be seen that the 
greatest variation from normal milk exists in the small amount 
of sugar it contains and the high per cent of ash and nitrog- 
enous matter. 



CHAPTER VI. 

VARIATION OF FAT IN MILK 

Thk percentage of fat in normal milk varies a great deal 
more \hun any other of the constituents of milk. Dr. Rich- 
mond rc'ports that the fat of milk may go as low as 1.04% and 
as high as 12.52^{, 8uch extreme variations are, of course, 
abnormal. The fat-content seldom falls below or rises 

above 7^^* fat-content of milk from a whole herd of 

cows, varies only within comparatively narrow limits. The 
following are the chief factors which cause the fat-content 
of milk to vary: 

(1) Individuality of (*ows. 

(2) l^reed of cows. 

(3) Time InHween milkings. 

(4) Manner of milking. 

(5) Whether the milk is fore or after milk. 

(6) Age of cow. 

(7) Lactation period. 

(8) Feed of cows. 

(9) Environmental conditions. 

I. Individuality of Cows. — That the quantity of milk from 
individual cows varies is a fact that is well known to every- 
one who keeps cows, but the average cow-keejxir does not very 
well apprehend that the percentage of fat is as variable a factor 
as it really is. As a rule, when a cow yields only a small quantity 
of milk she is in many instances condemned without taking 
the quahty into consideration. If the fat content were taken 
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into consideration, such a cow might prove more profitable 
to keep than another that yields a larger quantity of milk. 
For this reason the yield of fat is a better standard l)y which 
lo judge tlie value of a cow than the quantity of milk. Since 
the g(‘iH'iaI introduction of the l^abcock test for the deter- 
mination of fat in milk, the fat-content of milk can be easily 
dotcnniiml even on the farm. The importance of testing 
tlu‘ milk of eacli cow in a herd is sufficient to warrant every 
cow owner to have a complete Babcock testing outfit on the 
farm. 

'Fn])rofitaI)le cows are, and have been, a serious draw^- 
back to dairy j)rogress. According to J)airy Commissioner 
Wrightls reports, th(‘ average yield of butt('r })er cow, in the 
State of Iowa, is less th/ln 140 j)ounds ])er year. Some of the 
cows from which thes(‘ statistics were calculated evidently 
gav(^ good rc’turns to the owners, while others again would 
rim their owiH'rs in debt. Cases are on record where single 
cows hav(‘ ])roduced more than eight hundred j)ounds of butter 
annually. Such a yi(4d is the rc'sult of a great many years 
of attiuition to tla* seh'ction and breeding, and can bi' obtained 
only in sp(‘cial cases. A yield of 400 jiounds of fat per cow 
annually might b(‘ a good standard for which to strive. Even 
if the avco-age annual butt(‘r yic'ld })er cow could be luought 
up to 300 pouiuls, lh(‘ dairy industry would be put on a sounder 
and more profitalile basis. 44i(‘ av('rage price of butter is 
about twiuity cimts ])er pound. At this rate 300 ])ounds of 
butti'r would b(' worth StiO.OO. The average cost of k(H‘})ing a 
cow in th(‘ Stat(‘ of Iowa is about S^fo.OO, including care and 
feed. This would l(‘ave a mU j)rotit of $25.()i) per cow. If 
a cow yielded only 1 10 j)ounds }»er year, which at 20 cents 
would be worth S2<S.00, the owner of that cow would suffer 
a loss of S7.00. It must not Ih^ forgotten that the above cal- 
culation is based only upon the butter-fat. The calf and the 
skimmed milk are not taken into consideration. The skimmed 
milk is worth 25 cents jn^r hundred }X)unds for heeding pur- 
jxkses, and the calf is worth al)OUi $3.(X). 




(li I':h\sI':v ('<>\v (CrsrKu's Bkli.k, 1)51 1). 

♦'’Ant’d ;uid hrt'd })y \V. I). Hoard, Idtrt Atkinson, Wds Cnhcd wIkmi 
two 't' lis old Sho prodncod that y<’ar j)ound.s of })ut toi-hit . Periodical 
ot I’lillv e\erv Hcx'enfli week and (esiinj^ sjiowc’d that slu’ had jtro- 
<lneed poiiiKP of milk eontaunn^? dll pounds of hit in ei/2:lit inontlis 

eiidniu: Scpi 1 1, P.)!)r) She eahed a<«:ain Jan. Id, PKtd 'Idie al)o\(* records 
we e Iliad.' under ordinary feeding and management such as the whole herd 
r«'t ei\ ed. 
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Tablf by CirKLER, Showing Kecobbs of Indivipfaf Cows . 
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In making the ealeulalions in th(‘ above table' the jiriee^ of 
bntte'P ])(*r [xxind was ttakeai as 20 eeaits, tla' skiniiiied milk 
wa> eon^idored to Ix' woiah 27) eents j)er Iiundrexl jiounds, and 
th(' f'ost ol ::(boj- w’as taken at $12.7)0 ])er (“o\v. 

Breed of Cows. — Thei’e is a niarkex) diflei-encR' in the milk 
by ditteaxait brecxls of cow's. 21ie most striking differ- 
' Mri* is. ))('i*haps, betw'('en th(‘ Holstein and the J(‘rs('y bnaxls, 
i h(' fonn(‘r, ‘as a ruk', yiedds a lar< 2 ;e q\iantily of milk, with a 
■ ompara 1 ivtdy low fat -content ; the latUa-, as a nil(\ yiedds 
a (‘()m]>a]'ativ(dy small (jiiaritity of milk, wdth a hi^>;h pea- 
centaao of fal. Tli(' intlnenea' of individuality of cows must 
not b(‘ ov(‘rlooked in this connection. 

li is said that the color of the .'<kin. and of the fine' hairs on 
the ('vterioi' of the* cow's udder may b(‘ taken as a ^uid(‘ in 
sel(‘ctin^ cow's for bnxxlinjz jiurpeises A tine soft skin, darkish 
^oldem yellow in color, eaivedopinc; the milk tdunds, and coveaed 
wdth fine soft hair, an' consid(‘red indications of rich milk. 
While the Jersey cow's perhaps yield milk with a higher fal- 
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content than any other breed, a high percentage of fat is char- 
acteristic of the milk from all the Channel Island breeds. On 
account of the great variation in the composition of milk from 
different cows, it is difficult to get results from experiments 
where the numl>er of cows involved in each breed and trial 
have been so numerous as to overcome the individuality of 
the cow. We (luote the following table, which shows the 
average n'sults from the breed tests conducted at the Annual 
Dairy Shows of the British Dairy Farmers’ Association between 
the years 1879 and 1893, inclusive: 
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nvsolts agre(‘ v(‘rv clos(‘ly witli tests (*arri(‘(l on in 
the Fnited States, with the (‘xception of th(‘ two breeds, W'elsh 
and Ai)(a’(i(‘en Angus. Tlu' fornaa’ l^recui is rare' in tliis country. 
Till' lattt'r bretal is consid(‘nMl to be (piite inh'rior as a milk- 
producing biHHMl, but on(‘ of tlu‘ last beef typt^s known. Flie 
ri'siilts ol)tain(*d in tlu' test abov(\ wh(‘r(‘ only oiu' cow was 
invobaHl, arc' al)nonnai and cannot rc'jjrc'sc'iit Ihc'. average' of 
Angus (*()\\'s’ milk. 

Time Between Milkings . — Tlic' coFumon practice in tlie 
Fnitc'd Stall's is to milk twici' during twc'iity-four hours, (*verv 
morning and evc'ning. Tlie intervals between llu'si' milkings 
are not always of the same length. CndcT the average' farm 



lIoLSTTiv (V)\v (Shady Hhook (iKUHiN, 4375.^, H. l'\ II. B.). 
Projx'rty of M. I'j Moor, ^'.'iriioron, Md. Record at St. J.,oui.s l^^xposi- 
ion, June Ui to Oct. Id, 191)1, (120 days,) <S101 7 ])oiind,s of milk containing 
S2.() pounds of fat. \'a]ue of feed <‘oii.snined S.‘30.57. Dropi^d in June, 
S92 W eight 1319 pounds. 
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con(ii;ions the cows are milked in the morriing about 5 o’clock, 
ami in the evening about 7 o’clock. This is especially true 
during the spring and early suniim'r months. This long interval 
during the day caus.s the cow to give a greater quantity of 
milk in the evi'iiing, but it contains a .smaller per cent of fat. 
Tilt’ rt'ct'iit n'sults olitaiiK'd by illustrate (his [)()int very 

{iliiiiily. Fiv( eovs vcTe milked at 6 a.m and at 3 p.m. durinp; 



J 'ld ITi — The wrong; way to milk rows. (From Cluoose Sugar Refining 

( 'atalogue ) 

II period of tluf'e wtu'ks. Tli(‘ average fat-eoiiteiit of the eve- 
iiing's milk was [ and of the morning’s milk 2.S7%. 

Dmiiig tht' four vta'ks following the same cows were milked 
at d:ibA.M and d ly.M. ddu' fat-eontent of tlu; evening’s milk 
\\a- and of tlu* iiioriiing’s milk 3.18;/(. It is main- 

laiiHMl, and tlu' al)ove results indicatt* the same, that even 
if llu' int(a\als laTwetm milkings arc equal, the morning’s 
milk will eonlaiii slightly less fat. This is accounted for by 
the tluHiry that the fat-secreting cells are more active during 
th(* (lay, when the cow is exercising. 
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It is cuKstomary in Denmark, and in other countries where 
dairying is [)racticed extensively, to inilk three times a day, 
early morning, noon, and late at niglit. The only reason that 
can be fissigned for getting richer iniik after the shorter in- 
terval is that the distension caused by the excess of milk in 
the udder retards or restrains the free activity of the fat-secnding 
cells in the mammary glands. Experiments also show that 
fre(|uent milking gives a great (T quantity of milk. The in- 
cr(‘ase, how(‘ver, is ^ not great enough to induce the average 
dairy farmers in America at the present time to milk more 
than twice daily. The intervals between milkings, however, 
can, without any s})ecial outlay of money or tim(‘, be ecpialized. 

Manner of Milking. — The milk should in all cases be drawn 
as rai)idly as ])ossible, an<l in such a way as to cause no dis- 
comfort to th(‘ animal. The hand and tingc'rs should b(‘ list'd 
in such a way as to imitate natur('’s method as close^v as pos- 
sil)l(‘. W'hen tho hand is plact'd around tlu' t('at, th(' iqiper part 
of the hand, or thc' thumb and fort'finger, should close around 
tlu^ t(‘a( first, tlu'n the otlu'rs (‘losing gradually as th(' milk 
is prc'ssed out. Tlu' fingt'rs should enc^ircle the t('at without 
ins(‘rting the nails and causing discomfort to tlu' animal. The 
Ilegelund metliod of milking, in (‘omparison with tiu' ordinary 
nu'thod, has IxMai iiiv('st igat(*d by Woll, and the results ob- 
1 aim'd W(‘r(' m favor of tlu' former. 

Th(' IJegeluiid mt'thod consi.sts of manijiulating the udder 
and ])arts of th(' udd('r in a systematic and ivgulai’ way by 
lifting and prt'.ssing th(‘ difh'ix'nt quarters of tlu' uddt'r. In 
th(‘ Wisconsin ^ni^'(‘rsity lu'rd of 24 cows, with which Dr. 
W'oll ('xi)(‘rim('nted, the (juantity of milk was in(*reas('d by d.ofT 
and the (luantity of fat by 9.2^ J , by the use of the Ih'gelund 
nu'thod. 

Milking-machines.— ] or a long time succc'ssful milking- 
inachiiK's have Ix'en expectc'd by dairy enthusiasts, but so far 
no machine is on th(‘ market which f)romis('s to do work that will 
warrant its p(‘rman(‘ncy in dairying. If any machiiK' has 
been perfected which gives entire satisfaction, it is not within 



.IIJJSEY (\)\\ (Lokkttv D, i n,7()S, A. J. r. 

Ownofl by W S. Tvadd, T'ortbuid, Orrgon. l^ocord :\t St. Louis Expo- 
troui 1(1 Oct. (120 days,) 5X02 7 pounds of milk ron- 

2S() IC, poiuKls of fat. Valuo of food oonsumocl S51.99. Droppod 
Id. ISO , Woipht 107r> pounds ^ ^ 
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the knowledge of the authors. Many attempts have been 
nia(l(‘, and some of the machines now on the market seem to 
be close to practical success. The ''Thistle” milking-machine 
was for some time considered a success. The "Sharpies Pul- 
sating Lactator^’ is seemingly meeting with some success. 
The Devore-Hoover Cbw Milker ('o., Waterloo, Iowa, has 
perfected a machine for which great claims are made. 



Ficj. 21 — De Schmidt niiIkinp:-ni!icliino 

All of the above machines are re])res(ait(Ml by their re- 
sp(M‘live inv(‘iitors and manufacturers to do successful work, 
but noiu' of tliem are yet adv(‘rtised ent(‘nsively, which seems 
to indieal(‘ tliat some points are yet lacking before' they can 
be sucec'ssfully operated in practice. Whetlier a milking- 
machiiu' will ever be perfected which can imitate nature? 
nu'thods as closely as the human hands, is a question which 
has yet to he solved. 





\\ ur r l*r )iF-nin';i) A’iHsuiin*: ('ovv 

0\vn(‘<n)y<’ (' l^nrr, St (’luirl«'s, Tl! I n t 1 h‘ y('ar 1 1^, uiul<‘v ordiiuiry 
tiiiii f'ojidit io!is and t'c(‘din^, sh(‘ gave S}(i7 ])()uiids ol milk winch contaiiUMl 
d Id i- (»t ])iit terdat 
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Acrording to experimental evidence, milk drawn Avith a 
machine contains more bacteria than milk drawn by hand. 
This is claimed to be due to the Huction on the exierior of the 
teat, and to tin- tubes through which the milk must pass after 
it is drawn. 

Fore-milk and After-milk. — The fore-milk, or the milk 
drawn from the cow's udder first, contains much less fat than 
does the milk drawti .subse(juently. The very first milk drawn 



1’ rt; 22 — Milking; fronts in Norway. 

appi'iirs wahTV and contaiiis as little^ as of fat, while 

t If \(‘vy last milk i]i tli(‘ nddfa- may nontaiu as liitrh as 12^/. 

'] at' r('a-;oiis assig:;iK*d [di* tliis variiition ai't‘ (1) llu' milk in 
tilt' canal of the {(‘at, and lowf'i* portion of tlu' milk-i’esca-yoir 
is prt'.stait mnlt'r such condition.- as to allow f'laaimin^ to proc(‘(‘d. 
(2) 'rh(' lart>;(T fat-^lol>nlcs an' al)out as larp^c' as the smalha* 
inilk-dnst'^ in the cow’s ndder: cons(‘(jii(*ntly the downward 
passage of IhcM' fat-globnh's meets with some obstruction 
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and they are drawn out only when the last milk is removed. 
(3) The fore-milk has been subjected to a re-absorption process 
of the lymphatics. The third factor perhaps plays only a 
small part in reducing the fat-content of the fore-milk. As 
the fore-milk contains so very little fat, and a great many 
micnM)rganisnis, it is often advantageous to reject the first 
few streams of milk. Especially is this important when sani- 
tary milk is desired. 

Jt i.-^ in many instances customary, in order to apportion 
the calf a certain amount of milk, to first partly milk the cow 
by hand, and send this milk to the creamery, aiivl then allow 
th(‘ calf to suck the remainder. Th(‘ results of such procedure 
ar(‘ |)Iain, yet it is })ractice(l to a large extent. Wlaai dis- 
coven'd, it has in many instances explained why a certain 
creamery patron s milk has been testing low at the creamery. 

Age of Cow.— Tli(‘r(' is a time during the lif(‘ of a cow when 
sh(' is most, yigorous and most productive. At th(‘ time she 
first calv(‘s (about tlino y(‘ars old) th(‘ (‘ow or licafer is still 
growing, and laa* niilk-pi'oducing capacity is not so grcait them 
as it is lat(‘r on, wIk'U sIh* Ih'coukss inatun'd. Aftca* this increase 
in (juantity thc'rc' is aNo a, slight increas(' in (|uality. At the 
age of about s('\cn y^'ars tlu' cow is usually at Ikm- best. As 
the cow advaJHH's in age, usually the (juantity and quality 
diniini.sli. 1 Io\\'('\ cr, the indi\ iduality of (‘ows pr(‘y(‘nts draw- 
ing any dc'tinitc* line. In some' cows age^ has considca-able 
(‘fh'ct, whil(‘ in otlu'r.^ ag(‘ has but little^ (dlect. 

Lactation Period. — By lactation pi'riod we understand the 
milking |>criod, from tlu' tina^ oi <*alving until th(‘ cow is dri(‘d 
up. 'rh(' first few days atli'r calving, the cow yi(hls milk 
which is rich in solid.-, not fat. 'Tlu' fat-contiait in milk from 
most cows usually increast^s a lrifl(‘ during tlu' first two weehs 
aft('i- parturition, dhi'ii, whim conditions are normal and uni- 
form, the j)i'rci‘ntag(‘ of fat is nearly con.^tant for about three 
months. Afti'r this tinu' the quantity decrca.sc's and tlu' 
<|uality grailually incnai-t^s a trifle. This afiplii'.^ mon^ fully 
if th(‘ cow is })r(‘gnant. M()st cow‘s calv(‘ in the .spring of the 



Sh()Ht-hok\ (\)\v (College Moore'). 

(iwncd })y Town State (’olleeie, Ames. Ta Slie producfnl 9S9(j.5 pouiuJs 
of milk (siiitainino; 4()ti.S pounds of fat diirinp: oik; niilkinp; period evtend- 
()\er ,!'i > days beginning Oet. 4, IS99. Weight lt)f)5..S pounds. 
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year, and as a consequence milk usually tests a little higher in 
the fall. 

Food of Cows. — For a long time it was thought that the 
kind of food had considerable influence upon fat-content of 
milk, but later experiments in this country, as well as in foreign 
countries, have almost completely demonstrated that food has 
practically no effect upon the (}uality of milk. Investigators 
agree that foods may affect the fat-content of milk by increasing 
the (pjantity of milk, without reducing the per cent of fat, thus 
increasing the total amount of fat. Extensive experiments 
WTre carried on in Denmark, wiiere more than one hundred 
and fifty cows were involved in each experiment, on ten different 
estates, in order to determine the effect of food upon the per- 
centage' of fat in the milk. Foots of different kinds, which 
are very succulent, w'cre fed with out reducing the* per cent 
of fat. Different concentrated feeels (e)il-cake, wiieat, bran, 
gre)unel barley, and oats) were alse) feel with a view’ of increasing 
the^ })e'rcentage e)f fat, but w’ithe)ut any ne)ticeable effect. The 
Newv i’e)rk vStation fe)unel, through carefully conelucteMl experi- 
nie'iits, that fe'enling talle)W’ to cow’s eliel ne)t ineTease the perce'iit- 
ag(' eif fat in the milk. 

Soxhlet fenind that by feeeling tallow’, in the form of are 
emulsion, fe)r a considerable time, he was able \o increase the- 
pore'entage' of fat in the milk. The le)W’a kA'peTinient Siatie)!! 
also re'i)orte(l that the' pere-entage e)f fat ce)ulel be incre*aseel by 
)<'('( ling e)il meal. Dr. Lineise\y, at the Hatch ]Cxperime*nt 
Si at ion, Massaeiiuse'tts, iTcently fe)und that fat e'an be slightly 
ine-rease'd by the use of certain fe)e>ds rie'h in oil. 

Ibit e)n the wiiole, the results reacheel so far show that 
diftcre'nt fooeis have little influeaice on the* })ere'e'ntage e)f fat in 
the milk. Especially is this so uneler j)ractical condi- 
tie)ns. 

On the other hanel, elifferent kinels of fooeis affect the compo- 
sition of the fat itself. Gluten meal, in fact all gluten prexlucts, 
produce butter containing a high percent of olein, and usually 
an increase in the volatile fats. Cottonseed -oil produces sl 
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decrease in the volatile fats, and makes butter noticeably 
harder anti more tallowy in appearance. 

Environment. — Unfavorable environmental conditions im- 
j>osed upon a cow, such as sudden changes in temperature, 
storms, impure surroundings, and ill-ventilated barns, are 
certain to decrease the flow of milk; and if they are continued a 
few days, the i)ercentage of fat in the milk will decrease also. In 
ft general way it might be said that any unfavorable condition 
which causes a decrease in the (jiiantity of milk will cause a 
sliglit increas(‘ in the percentage of fat during th(‘ first few days. 
Ihit if the cow is surrounded with these unfavorable conditions 
for any length of time, the percentage of fat will again decrc'ase. 
It is possible, however, by ill treatment, to diminish the fat- 
content gn'atlv. 

Mxercis(‘, also, aflects tlu' yield of milk, as w(‘ll as the cjuality. 
Unintc'rrupted, long confinenuait in a stall is detrimental to 
a cow’s health. lM)r a tinu* it shows no (d'f(‘ct upon tlu' (juan 
tity mid (luality of the milk, but (‘V(‘ntually it will decn^ase 
both. Howev(‘r, many Danish dairy farnu'rs keep thdr cows 
in the barn all wint(‘r, without letting tlHun out for (‘xcu'cise, 
and it is said that this confiiuMiient has apjianmtly no effect 
upon th(‘ (juantity and ({uality of milk. But a proportion- 
at(‘ly larg(' number of their cows are iidested with tubercu- 
losis. Whetlu'r this is due to lack of frcwsh air and ex('rcise, the 
authors cannot say. 

Too much exercise is adverse to producing the most and 
best milk. If a cow is kejit in the barn every day, half an 
hour’s exercis(‘, preferably out of doors, wlu'ii weather p{‘rmits, 
seems to give good results. A small box-stall for each cow, or 
a well-bedded shed for them to stand or lie down in after feeding, 
are favorabU' conditions for getting the prop(‘r amount of 
exercis(‘, especially during cold weather. 

Uhange of location, fright, sudden shocks, and nervousness 
are conditions from wliich the cow' must be kept, in order to 
do her best as a milk-producing animal. 
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RECiaVING, SAMPl.ING, AND (READING MILK AND CREAM. 

Receiving and Grading of Milk and Cream. — Th(‘ man 
who r('(*(‘ivos and samples milk at a creamery should be 
accurate and (jiiick with figures, have ability to grade and 
select milk, and to stimulate interest in the production of 
good milk. He should also be able to reconcile and satisfy 
patrons. The method employed in some creameri(\s of allowing 
a boy with immature judgment to weigh and sample milk 
should not b(' tolerated. The person who wc'ighs and sanii)les 
milk and cream comes in direet contact with the patrons. 
Ther('for(‘, he is a strong factor in ])r(‘serving the best interests 
of th(‘ cr(*am(‘ry. In many of the best butter and cheese factories 
in th(‘ (‘ountry the head maker or manager in charge is usually 
found at the weighing can. This gives him the oi)p()rtunity 
of studying the raw material from which he is expected to make 
a high grade of butter or cheese. Some of our large central 
))lants pay the highest salary to the man who has the ability 
to properly grade the cream and i)re[)are the starters. This 
re(iuir(‘s a fine sense of smell and taste, whicli is not [)ossessed 
by every one. 

The first step in the receiving of milk is to ascertain the 
(juality of the milk delivered by the patrons. It is now a 
recognized fact that the best butter cannot be produced from 
defective or abnormal milk or cream, no matter how many 
improved methods are employed in the manufacture. In view^ 
of this, and the knowledge we now have of the transmission 
of undesirable germs from one sample of milk to another, and 
also the probability that some of the patrons will deliver poor 
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milk, it is essential that the milk or cream be graded when it 
is delivered at the creamery. 

In the grading of milk or cream, different metliods can be 
used for detecting abnormal milk: (1) through the senses, 
taste, sight, and smell; (2) by the acid tests; (3) by the fer- 
mentation test; (4) by heating; (5) by the Babcock test and 
the lactometer. 

I. Detection of Abnormal Milk through the Senses. — In order 
to detect the diff(Tent kinds of defective milk, one must be 



Fkj. 24 — The Twentieth-century can- washer 

( nd()W(‘d with acut(‘ senses of smell, tast(‘, and sight. AA'hen 
the milk is in a good condition, it has a pk'asaiit smell and 
sweet tast(*, and a})pears normal. If it has a disagreeabh' 
smell and taste it cannot produce good butter or ch(‘es(‘. As 
a rule, the quantity of defective milk brought into the aver- 
age creamery is much in excess of that of really i)erfect milk. 
As a conse(|uence it would not be f)ractical to separate all 
the defective milk into one class and the perfect into another. 
The (juestion as to where the line should be drawn betweeai 
the good, medium, and very bad milk or cream, must depend 
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upon the judgment of the receiver, and in a great measure 
upon the local conditions. Some of the creameries have no 
facilities for handling different grades of milk, and some sell 
butter on a market where no sharp distinction is made between 
good and poor butter. Others have, through experience, sat- 
isfied themselves that under American creamery conditions 
it does not pay to make too many grades, nor does it pay to 
grade too closely. Two, or at the most three, grades of but- 
ter can at times be manufactured in one creamery profitably. 
It is advisable to reject sour and abnormal milk. If accepted, 
it should not be mixed with the remainder of the milk, as it 
might contaminate all of it; or, the sour milk might cause 
coagulation, and thereby clog up the se})arators. If a can of 
milk is sour, but otherwise clean, it is not necessarily unfit 
for the ])ro(luction of first-class butter. If retained until after 
the sw(‘(*t milk has been skimmed, it may be run through 
the se})arator successfully. 

2. The Use of Acid Tests. — Sonu' cr(‘am(‘ri(‘s, (‘sp(‘cially 
th(‘ larg(‘r central cream i)lants, are now grading the milk or 
cream according to the amount of acid it contains. For instance, 
cr(‘am or milk containing .2% acid or h'ss is classtMl as first 
gra(l(‘; that containing from .2 to .4^^ as sevond grade', and 
th(‘ cream containing more than [ acid as third grade. 
Mann’s and Farrington’s acid tests can both be us(*d, but a 
nuaH' rapid and conveaiient way is to use a solution {)rej)ared 
from harrington s tablets. The solution is pre{)ared by taking 
one tabU't for each ounce of warm water and allowing the 
tablets to dissolve. When one j)art of this alkaline solution 
and one ])art of milk are put together in a cup and mixed 
and the solution still retains a pink color, it show-s that there 
is less than .V [ acid in the sample tested. If two parts of 
alkali and one part of milk are mixed and the mixture remains 
pink, then there is less than ,2% of acid. If the mixture turns 
colorless, it shows there is more than .2% acid in the sample. 
If tlircM' measures of alkali to one measure of milk are taken, 
and the mixture remains pink, that indicates that there is 
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less than .3% of acid, etc. By means of such a test the acidity 
can quickly be determined. 

The sample cups should be numbered to correspond with 
the number of each patron. The results of the tests should 
be noticed at once, as the action of the atmosphere affects 
the color. 

The acid tests are of value in grading cream, as a sour 
sample of milk or cream is either old or has been improperly 
ke])t and handled. The number of grades of cream and milk 
and the maximum limit of acid each grade can contain, are 
factors which must be decided according to local conditions, 
by the operator. 

3. Use of the Fermentation Tests. — Curdled, ropy, red and 
bhi(‘ milk can, as a rule, readily be detected without the apf)li- 
cation of a sf)ecial test, but there are cases when a person s 
senses are not sufficiently acute to detect sam])les of milk 
coiffaining undesirable fermentations. Sevt'ral instance's have 
recently come within the authors’ noti(*e. A neighboring 
creamery was infested with a peculiar fcTinentation that 
caused a very rank flavor in the butter. The milk that came 
to the cH'amery was carefully examined, })ut without locating 
the source of the trouble. The cause could not be ascertained 
without the use of the fermentation t(?st. 

It is in such instances that a fermentation t('st is of special 
\'alue. As a rule, at least when the trouble first Ix'gim., it is 
milk from one })articular patron that causes the trouble. This 
milk may appear to be normal, and yet contain g(Tms which 
are very undesirable for the manufac^ture of the best quality 
of butter. 

Fev77ie7itntion Te^ts . — There are two tests which may bo 
of general use; namely, the Wisconsin Curd Test ” and 
the Gerber Fermentation Test.” The former is used in 
chet'se factories, but the latter is to be recommended in testing 
milk for butter-making. 

Gerber Test. — This test consists of properly made glass 
tubes which fit into a rack. This rack, containing the bottles, 
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fit.s into a small round tin tank, which is kept about two-thirds 
full of water. The temperature of this water can be con- 
trolled by ni(‘ans of a lain]) kept burning underneath, or by 
the use of st(‘am. The milk from the different i)atrons is 
put into the glass tu))es, and these tubes numbered so as to 
indicate to which })atron each belongs. The temperature 
shiuiid be kei)t at about 104 to 106"^ F. for about six hours. 
Then tlu^ lubes are taken out, the milk shaken, and the a])]jear- 
ance, smell, and taste of the milk noted. The tubes are warmed 
again for a})out another six hours, when they are again examined. 
Jf any sani|)les contain a })reponderance of abnormal ferments, 
th(' hict will usually a])])ear in less than (‘ighteen hours. If 
milk (lo(\s not coagulate^ in twelve hours, or become abnormal 
in som(‘ way, it is su{)])osed to be good. 

Th(‘ sp(‘cial ap])aratus numtioned above is not absolutely 
(‘ss(‘ntial, nor is th(' temperature emj)loyed (‘onsidered by the 
authors to be the most suitable to give reliable results. Ordi- 
nary saniph' jars can b(‘ us(‘d, instead of s]H‘cially })r(‘pared tubes. 
Afl('r th(‘ milk has been ])laced in the jai’s th(‘y (‘an be ke])t 
in any convcnicMit place, at a tcanperature of about 9(S° F. 
Tlu' Ix'st ptac(' to kc('p IIkmii is in a v(‘ss(‘l (‘ontaining water, 
t}u‘ t(‘mp('ratur(' of which can b(‘ controll(‘(l. 

\\'isconsin Furd IVst. — This t(‘st consists of taking some 
milk in a jar and adding about ten drops of rennet, which 
coagulat(‘s the milk. 41ie saniph* is allowed to stand until 
tlu' curd hardiais, tlum it is cut into small pie(*(‘s with a case 
knif(‘; th(' wh(‘y is drawn off, and the curd allowed to stand 
at a t(‘mp(‘ralure of F. If there are any undesirable forms 
of bacteria ])r(‘s('iit, tlu'y will rc'veal themselves by developing 
small hol(\s in the curd, usually accom])anied by a bad odor. 

This t(\st is a wry ingenious one for clu't'se-making. In 
butter-making the Cha-ber Fermentation Test, or a similar oiu', 
is moiv couN’enient. 

4. Grading Milk by Heating. — This test is not used very 
much in creana^ries; but in cheese factories the heating of 
milk in order to ascertain its suitability for cheese-making is 
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practised to a considerable extent. This test is in coinrnon 
use in Canada. It consists of heating a small sample of the 
milk to be tested to 120^ F. If it will stand this temperature 
without coagulating, it is considered to be good milk. If it 



I’kj 25 — 'rrocTuiier’s Babcock, creain-tesiing scales 



Fa. 2b — Tortion cream test- 
ing sca’es. 



1' a.’ 27 — Froc'inncr’s liab- 
cock crcam-test ing scales. 


cc)agulates when heated to this t(‘mp(Tature, it is too sour 
to be used for ehe(‘S(e 

This heating may b(‘ eonsider(‘d an acid test. A\dien milk 
contains about .3Co acid, it usually coagulat(‘s when heat(‘d. 
It should })e borne in mind in this connection that different 
samples of milk do not coagulate whtm containing exactly the 
sanie amount of acid, and at the same temperature. Some 
samples will coagulate upon heating when containing little 
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less than .3% acid, while others will not coagulate until more 
than .3% acid has developed. 

In practice the temperature (120° F.) is not always considered. 
A small portion of the sample to be tested is put into a tin cup. 
The cup containing the milk is put into hot water or over a jet 
of steam. When hot its characteristics are noticed. 

5. Use of Babcock Test and Lactometer. — These tests are 
of special value in detecting watered or skimmed milk. When- 




Fk;. 28. — Acid carboy trunnion Fig. 29 - Acid hydrometer. 

(‘V{T a sample of milk appears watery or blue, it is fair to presume 
that water has lu'en added. The test for specific gravity and 
the test for fat can then be applied to such sam])les of milk. 
As a rule composite samples are taken daily at creameries, and 
th(‘ ])atrons paid according to the fat delivered. For this 
reason water adult(Tation is not very common at cmameries, 
but is practiced to a greater extent in the milk-supplies of 
citi(‘s. The use of the lactometer in connection with the Bab- 
(‘ock test, has already been referred to under the heading of 
‘ASpecilic (Iravity of Milk.’" 
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There are two tests commonly used for determining fat in 
milk, viz., the Babcock and Oil-test Churn. The latter method 
is rapidly giving way to the former. The Babcock test is un- 
doubtedly superior, though many still prefer the Oil-test. 



Ym 30 — 1 7 0 c c. milk Fir. :^1 —Automatic Fio 82 Automatic 
pijX3ttL‘. 17 6c c i)i|>etto. UuKHiaii piix‘tte. 

The Babcock method of testing consists of taking 18 grams of 
the substance to be tested into a special graduated bottle as 
shown in illustration. Milk is measured out with a pipette hold- 
ing 17.6 c.c. Cream, butter, and cheese, or any other substance 
which cannot be measured accurately, should be weighed. 
The measured quantity of milk in the bottle is then digested by 
adding 17.5 c.c. of commercial sulphuric acid having a specific 
gravity of about 1.82. The acid digests all proteids and sets 
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free the fat. The contents of the bottle should be well shaken 
at once after the acid has been added. 

The bottle with its contents is then whirled about five 
minutes in a centrifugal machine at a rate depending upon the 
diameter of the machine, usually about 850 to 1000 revolutions. 



Fig. 33. Fig. 34 Fig. 35. Fig 36 Fig 37 

Skirn-inilk Wholo-rnilk Cream test- 9-pr.arii cream (Yearn 

test-bottle. te.st-bottle bottle t(‘St-bottle test-bottle 

1 IICOCK TesT-BOI ^'LE.S . 

])er minute. The machine is tlien stopped and filled to the 
neck of the l)ottle with pure hot water. Distilled water is 
ju'efern‘d. The bottles are then whirled two minutes, and 
hot wat(‘r added again until the fat rises in the neck where it 
can be ix'ad. The botlk's are then whirled again for about one 
minute. The machine is then stopped and the fat read in 
percentage direct from the bottle. By using a pair of dividers 
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the reading may be facilitated. The temperature at the time of 
reading should be between 120° and 140° F. 

There are three very common defects in the clearness of fat 
reading: (1) The fat contains black, charred, tlt)cculent matter 
at the bottom of the fat column. This is commonly caused by 



Fig 38. _ Fig. 39. 

Wagner’s skim- Ohlson’s skim- 
milk bottle. milk bottle, 
(Both with pneumatic fat- 
indicator (pat.).) 



Fio 40 

Ihitter test-bottle, and 
funnel whi(‘h holds 
about 0 grams of 
butter 



Fir, 41. 

Russian I'N brock 
test-boitle and 
reading-tube. 


usin^ too much or too strong acid or mixing milk and acid at too 
high a temperature. The remedy is to ust' less acid or to 
cool milk and acid before mixing. The black charn'd matter 
may also be due to allowing the acid to stand in contact with 
the milk too long a time before mixing or by pouring acid 
through the center of the milk. (2) There may be a layer of 
white flocculent matter at the bottom of the fat column. This 
is due to not having used enough acid or to the tcmpc'rature of 
milk and acid being too low or to not mixing the acid and milk 
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thoroughly. The remedy is to use more acid, or to warm milk 
and acid before mixing, or to shake the mixture thoroughly 
before whirling. (3) Occasionally there i^? a layer of impure 
foam at the top of the fat column. This is generally due 



Fi(i 46 — I’lie oil-test eiiurn 


to the use of hard and impure water. The rem(‘dy is to use 
pure distilled hot water. For mon' detailed information on 
this subject see ‘^Testing Milk and its Froduct8/M)y Farrington 
and Woll. 

Necessity of Good Milk. — All authorities agree that the best 
gnule of butter and cheese cannot be made from sour or tainted 
milk. The two countries renowned for the excellence of their 
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dairy products — Denmark and Canada — owe their success 
larp;ely to the purity of the milk furiiislual by tlieir patrons. 
Mak('rs who have won for themselves national reputation in 
cheese- and butter-making have almost invariably been men 
who insisted on getting first-class milk. Badly tainted milk 



Fkj. 47. — Wizard tester 


should not b(‘ mannfaettirod into food. The method of dassifv- 
ing milk and cream and paying for (‘ach according to (juality 
htis b(‘eu adopted by some creameritN, especially by some of 
the large central plants. The object of this is to induce those 
patrons who are sending poor milk or cream to furnish a better 
grade. It seems more practical with milk than with cream, 
because the average tuaker dislikes to reject a can of cream, 
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owing to the loss the patrons would sustain. If such cream is 
received, it should be churned se])arately, and llie butter marked 
and sold on its merits. The practice cf taking in poor milk 
and cream should be discouraged. One o^ the authors Las 
come in contact with many patrons in diffenuit parts of the' 




country aixi has y(‘t to iin<l the lirst f)atron who seriously 
object(‘d te taking his juilk back home wh(‘n hc‘ was thoroughly 
convincf'd that it was not in good condition. JLatrons as a 
rule res))(‘ct the maker who keeps his creamery in a good sanitary 
condition and insists on getting good milk. It should lx* the 
aim of every creanieryman to make th(‘ highest grade of buttcT 
possible. 
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Sampling of Milk. — The' sampling of milk and cream for 
fat tests is one of the niost delicate proi>lems with which the 
creamery o{>erator has to deni. If a proper sample is not 
obtaine'd, the ultimate test will nut be eorr ct, no matter how 
carefully the succecHling "'teps may Ix' carried out. Then* are 
two methods of sam])ling in use: Fir^t, sjuiplmg with a small 
dipT>er, an<l second, sampling with a sample-tube, or milk- 



Fkj. 53. — T)aiii«h milk-wagon. (N. V. Troducc Keview.) 


dn('f. Tli(‘ sam])rmg of milk for compositi' sample's should be 
done every day. and tin' samples tak(‘n should n'j>res(*iit tlu' 
average quality and form a c{*rtain proportionate* ])art of th(‘ 
milk or cr(‘am d(‘liv('r(‘d. 

In ord(‘r to get a sample which repres(‘nts th(‘ av(*rage (juality, 
\]\v milk civam delivcuHnl must Ik^ thoroughly stirred, so as 
to get an ev(»n distril)ution of tlu? fat. 

In ordt'r to get a ])roportionate ])art of th(‘ milk or cream 
(lelivcTcd from day to day, it is neec^ssary to u.se a sampling- 
tube. 

The samj>ling of milk or cream with a dipp(*r for composite 
saiiijjles lias }K.a*n in us^* so long Unit tliis method has iK'come 
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\0Y\ g(‘ii(TaL If coni])o.site saruplo.s are not kept, and the 
testing of eacdi [)atron\s milk is done every day, the dipper 
method of sampling answers the imrpose. If thick cream is 
being ddiven'd, the di])per may be found to work l)etter than 
tli^' sami)]ing-tube, as the cream in some cases may be so viscous 
that it will adhere to tlie sides and ends of the tulx', and in 
that way })revent the cream from enb'ring. The sampling- 
teb(‘ may also retain some of the thick cream on the inside 
and if not rinsed out properly each time, the adhering cream 



54. — Delivering milk in Santiago. (Oeainery Journal.) 


is likt'ly to interfere with g(‘tting a fair saiipT' of tlu' succtaaiing 
lot If the sam])hng-tube is rinstal in liot watt'r (‘ach timc\ this 
probal)lt' mistake will bt' obviated. 

Sampling-tube. — At crearntTies wlnaa* jnilk is n'ceived, 
th(' sam|)ling-tube, or milk-thief, givt's tlu^ b(‘st n'sults and 
satisfaction. Ft is very difficult in ])ractic(‘ to get a ])ropor- 
tionat(' sample with a dipp(‘r. from day to day. To illustrate: 
.\ patron who (h'livers 200 pounds of milk testing ‘T fat one 
day may on another day d(4iver 100 pounds of milk testing 
o', fat. If a dip|HTful is taken from (‘ach for a composite 
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sample^ the test of that eoiiijmsite san)ple will l>e 3 f 5 2, 
or 4^, ( . According to this t('st, these 300 ])ounds of milk 
delivered will contain 12 pounds of hiitter-fat. In reality 
0 pounds of fat were delivered in the 200 ]X)unds, and 5 ]X)unds 
of fat in the 100 pounds, making a total of j^ounds of fat. 
Thus we see that th(‘ dij)j}er method is noi reliable; and in this 



~h ). — 1 Im‘ \U'l\;n (Ti'am and I'Ki. •'>«) - ( 'ream samplmg-liilji*. 
milk 

case the patron wa^ paid for 1 pound of butter-fat too much 
for the two days’ dtTivery. If the sample taken from the 
2(K) ])Ounds of milk had been twice as great as that tak('n from 
th(‘ 100 pounds of milk, then the composite test would have 
been perfect, no matter whether it had been tak(*n with a 
dip{)er or with a sampling-tube. If the same w(‘ighing-can 
is used every day, then an exact proportion for a sample* can be 
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maintained, if the sampling-tube is put down perpendicularly 
into the milk every day at the same place in the weighing-can 
and otherwise carefully taken. 

In case the cream is being collected from different patrons 
by a hauler, a milk-thief often works unsatisfactorily. This 
is especially true during cold weather. A cream tube similar 
to the one shown in the accompanying illustration is more 
effective. The way in which the tube is used is apparent from 
the figure. If a certain patron has 40 pounds of cream, the 
civam is filled to the 40 mark on the scale of the tube. If he 
has 30 pounds, it is filled to the 30 mark, etc. 

Sampling Churned Milk. — It occasionally happens that the 
milk arrives at the creaiiHTy slightly churned. This is espe- 
cially th(‘ case during the summer. Tsually such milk is 
sampled in this condition, but if it is desired to find the per- 
centage of fat in such milk in its unchurned condition, it is 
essential to melt the churned fat before sam})ling. If the 
butter has bivn churned into a few large lumps, these luni]')S 
can be taken out in a })an, or ])ail, with a com])aratively small 
amount of milk, and this heated until the blittcT has melted. 
'Then this is rc'inixed with the milk from which it was first 
taken, and sampled while it is b(‘ing stirred. 

The churning of the milk during transit is mainly due to 
two things: Idrst, to a high tempcTature of the milk (()5° to 
85° F.), and secondly, to hauling partly filled cans a long distance 
over rough roads. If the temperature of the milk is low (about 
50° F.), when it leaves the producer, then there is seldom any 
danger of having churn(‘d milk at thi‘ cn^amery. 

Frozen Milk. — AMien milk is cooled to 31° F., or ])elow, the 
milk fre(‘zes. Ice forms near tlie sides and bottom of the can, 
until a funnel-shap(‘(l cavity filled with milk is kdt in the center. 
Acc<n'ding to both IJichmond and Fleischmann, the icy por- 
tion contains more water than the unfrozen milk, and the 
unfrozen portion is rich in solids. According to Farrington, 
when 25* < of the sample of milk was fn^zen, the icy portion 
contained al)Out V [ less fat than the original {X)rtion. When 
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about half of it was frozen there was /^reat diffeit*nce in 
tlie fat-content of the frozen and unfrozen parts. 

In practice, however, it seems to he different. When a 
can full of partly frozen milk is sam))Ied at Mie ereamery, the 
unfrozen milk nearly always contains less fat dian the original 
sani})le. Tliis can be accounted for by opening the can of 
milk and noting the amount of frozen (r('a?n on the sides near 
th(‘ top. Whetht'r the unfrozen portion contains less or more 
fat than the original d(‘jHmds, therefore, upon conditions. At 
any rate, frozen milk has a composition different from that 
of the original sample. On tlsis acrount an accurate sample 
cannot t)e had, unless the frozen portion be first completely 
melted and well mixed with llu' nanaindcr. 

Sour and Coagulated Milk. — In order to get a fair sample 
from a can of sour and eoagulat('(l milk, it must be slirrc'd 
v(‘ry thoroughly, so as to bring the ('oagiilaOMl milk int\/ a 
uniioriij ('inulsion. A bi^t t(‘r sample (‘an usually Ix' obtaiiKMl with 
a dijiper. If tlie milk is 'not too thick, a fair sample' cam !)(' 
(^l^tained by lh(' us(' of the .sam])rmg tulxu In or<!(T to r('du(*(* 
a can of coagulated milk to a thorouglily \miform (juality, it 
is best to pour it from one* can imo anotln'r. This nhxt's it 
nuich moi'e (ompK'tely than if th(‘ sampk' w(‘r(‘ simply stirrc'd 
with a dijipc'r or any other kind of an agitator. 

Apportioning Skiinmed Milk. — The amount of skimnual 
milk to be reee'ivcal ])y the patron de])('nds largi'ly upon Iht^ 
thickiK'ss of eieam skinimeHi, and upon tli(‘ amount of skimnu'd 
milk la'taine 1 at the creamery for various })uipos(‘s. The 
amount of skimnu'd milk gcuierally ndiiriu'd by cr(‘ameri(‘H 
varif'> between <S0 and 9()tr of the whole milk deliven'd. 

Most up-to-dat(' ('reameri(^s now’ make use* of skimmed - 
milk weighers. WIutc stieh are enit)loy(‘d the man, wTo r('C(‘iv(‘s 
th(‘ milk, hands eaeli jmtnui a ch(‘ck for the amount of milk 
delivered. This check is pul into th(' skimmed-milk weigher, 
and it allows an amount of skim-milk to flow out, corre- 
sponding to the numl)(T of pounds indicuited on tin* check. 

In case a skiniined-inilk weigher is not employed, it is 
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essential to have a man at the skim-milk tank to weigh 
out the proper amount of skimmed milk to each patron. If 



Fkj r)7.™('lietk-ra,(‘k 

the patrons are allowed to weigh out tlu^ir own skiinnied milk, 
mistakes are frecjuently ma(l(‘, which result in mon' or l(‘ss 
dissatisfaction. It is (juite customary Ihr hutter-niakers to 



Fkj r>S — Tlio Idf'al skim-milk weigher 


draw a chalk line (Ui the outside of the can some distance 
below the surfa(*e of th(‘ milk. This indicates the i)oint to 
which the can may be filled with skimmed milk. 



CTIAPTER VIII, 


CO^rPOSlTK SAMPLF^. 

Definition.— Ill order to avoid testing!; earli jiatroii’s milk 
or rr‘('ain ev('i‘} day for fat, a sinall saiuj>lo, \vlii(‘}i ri^pri'siaits 
tlic avcaa^e (piality and a jiroportionate part <)f tin wlioh', is 
lak('n from eacli jiatron's milk ('V(‘ry day and ])la.(‘('d in a jar. 
A pr(‘Sorvativ(' of some kind is I'n'vioiisly added, wlii(*]i kca'ps 
it from s])oilin,ii:. d'liis is called a composite sample. 

When to Sample. --Som(‘ mak(‘rs prefi'r to sam])l(‘ tlu' milk 
oi- cream d(‘li\aaa'd ev- ry day; otlua-s ])i'(d('r to sample (‘^’(a■y 
otlu-r day. Som(‘ ci’eam(‘ry o])(‘rators, a»;ain, sam])l(' four or 
tiv(‘ tiiiK's in succession at intervals, the pati’ons l)(‘in^ unaware 
of tli(‘ tiiiK' will'll till' sampling is to tak(' ])lac('. dlu' most 
ri'lia’hk' and ])ra(‘ti(*a] niidhod, howiwer, is to take' a sanijile 
('V('ry day, and test it for fat at the end of I'vi'ry two wiH'ks. 
W hen cream is ri'CC'ived it is not reliabh^ to taki' composite 
sam])l('s. 

Kind of Preservative to Add. — A number f)f differcait jiri'- 
si'rvat i\'('s ari^ now in us(\ and difierent oih's an' bi'in^ iei'oni- 
nu'ndi'd for cn'anieries and clieese factories by various authorb 
ti(*s. l^viMi a few of tli(* Ix'st authorities differ as to which 
one of the ])i-es('rvatives givc's the best results. 

Amon^i; tlu' most common of the milk firesi'rvativi's, and 
less ])oisonous than c('rtain othiTs, are salicylic acid, borax, 
boracic acid, and bicarbonate of soda. Amon^ tiie more vio- 
l('nt poisons and strong preservatives are formaldi'hydi' and 
its (‘om[)ounds, chloroform, corrosive sublimate', and bicliromate 
of potash, l^ichromatc' of j)otash and correisivc' sublimate' are 
the two most commonly use*d in pre*se‘rving cornpecsite sanifiles. 
The former is recommended highly by Farrington & \\ oil on 
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account of its relative harnilessness, its cheapness, and efficiency. 

While bichromate of potash is relatively efficient in its 
preservative efh'ct, and not so j)oisonous as some of the others, 
it does not ^2:ive as general satisfaction as does corrosive sub- 
limate ('mercuric chloride), unless relatively greater precau- 
tions are taken. If the comi)osite samples ])reserved with 
bichrom.ate of potash are left standing in the light very long, 
a l(‘athery scum forms on the top, which is very difficult to 
dissohe in the sulpliuric acid. This is claimed to be due to 
the reducing influence of light on chromate solutions. If too 




Fm. f)!) Composite Fk; (>0 - Vompo^iti' samples and rack 
sampU' h()(tl(‘ to hold sample jars 

much bichromate of potash is add(*d, the sulphuric aci<l added 
(ligc'sts th(‘ curd with dillicullv. \\di(‘n the sulphuric acid is 
add(‘d th(‘ curd is preci[)itat(M| into a hea\w, gray-colored coag- 
ulum, which dissolves with dilliculty in the acid. 

According to th(‘ authors’ experierur, corrosive sublimate 
tabh'ts can Ix' highly recommended. Tht' tablets contain a 
color, which, wlu'ii dissolvtxl, c^olors milk, so that it can naidily 
be distinguisluxl as not bt*ing fit for human food. The tab- 
l(‘ts are very }x)isonous, Imt are inort' (dfi(‘i(mt in their ])reser- 
vativc clTect than bichromate of poUish. dliey can Ik,‘ obtained 
from any crtaimery-supjdy house. 

During tlu' wintt'r, when the samples are kt'pt comparatively 
cold, less j)reservative is nee<led than in the' summiT. C)ne 




tiG. 61. Testing-room, showing arrangement of sample Iwttles (Continental Creamery ( o > 
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corro.sive sublimate tablet will keep a half-pint to a pint of 
milk or cream in good condition for about two weeks in summer, 
and about three weeks in winter, i)roviding the sample is properly 
cared for. Som(‘ makers are ))racti(*ing testing at the end of 
every month during the winter, and ev(‘ry two weeks during 
the summer. Testing at the end of evcny montli saves labor, 
but it is not a reliable metliod to follow under all conditions, 
as sojiK* of the sairjples are likely to be somewliat im])aired 
aft(*r standing so long. 

Arrangement of Composite Samples. — Pint glass jars with 
cov(‘]s ar(‘, so far as known, th(‘ most convenient v(\ssels to 
use lor eom{)osi((‘ sani})k‘s. 81 i(‘lves should l)e arrangc'd in the 
W(‘ighing-r()om on which to ke(‘p th(‘ bottl(‘s. If ])ossibl(', it 
is l)(‘st to hav(' tlumi in a case clos(‘d with glass sliding doors. 
This is iK'at, and, if th(‘ glass doors fit well, tli(‘ sample's au' in 
soni(‘ measure' ])rotect(‘el in case of e[uick, une'xpe'e*t('d cliange's 
in teanperalure. The'se' slieling ele)ors slie)nld be' loe'ked whem 
the' civanie'iy e)perate)r is absent fre)m the' e*i‘e'amery, in orek'r 
te) pirve'nt any tain])e'ring with the ce)mposite' sam])les. 

The' be'st me'tliod e)f arranging the' sanVple jars is to have all 
the jars bek)nging to the patrons of each route standing in 
one' gre)Uj), or on one slu'lf together, if pe)ssil)le. The' l)e)t(k's 
an* nunibe're'el to corre'sponel with th(' number give'ii eae*h ])atre)n 
on the' milk she'e't. The name of the hauler, e)r the' number 
of the' re)ute, can be put on each shelf. The sample's be^- 
kenging io the)se* who haul their own milk e*an be put e)n another 
she'lf. Tlu'se' can i)e ek'signated as inelivielual haiik'rs. Sue*h a 
elasdiie'atie)!!, viie'ii the ])e)ttles are' ])lainly numbe'reel, will e)ften 
pre've'iit the mistake's that are like'Iy to e)ccur if the be)ttk's are 
simply numl)ere'el anel ])ut into a rack tejge'ther. 

Care of Composite Samples.- In the first pkee' the jars should 
U' ke'pt se'rupulously clean. It make's the te'st unre'liable if 
the jai-s are k'ft e'e)V('r('el with milk and ine)lds round the nee*k 
from one inonth to another. Whe'n the sample's have been 
te'ste'ei the jar's shenild be' thoroughly cleaned, and, if nece'ssary, 
scakieei, iH'fore the*y are usetl again. Care should be taken to 
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spill as little milk iis possible arovmd the iieek, inside as well 
as outside, of the bottle when the sample is put in. If the 
milk is spilled tlauH', it makes an imattraetiv(‘ apj)eanuiee. 

()ft('n it Ihtoiik's naddy, and, as uau’e milk is addi^d and 
the sample shak(‘n every day, this luoid ^:a'uiually ('xti'iids 
down th(‘ >ides of the beetle. 'Fhis (•aus(\s :he eornposite sam]>Io 
to be iiif(\st(‘d with undesirable growth, a?!d to spoil sooner than 



I’ic 62 “Tcbting-room in .Xfoitol l)air\\ St Louirf Exposition, 
((’liicago Dairy ero<luc(’ '• 


it w('»u]d if gr(‘ater eare w(‘r(' takem in k(‘(‘])imr tlu' milk from 
eoiiiing in eontaet with th(‘ sid<‘s of tii(‘ bottl(‘, Ix'fore {‘oming 
in cojitaet with th(‘ ])n‘stMvative. 

It is im])ortant also that the sample jars be well eovenal, 
olh(TwiM‘ th(* moisture eva}K)ratt‘s and causes the milk or cream 
to dry up. It also mak(‘s the test unreliable by increasing the 
]H‘r ctmt of butter-fat. A gtaitle rotary motion sliould l)0 
given each jar when a sam])h‘ is added to it to mix the ( r(‘am, 
which ris(^< to some extent after the milk htiS stood a while. 
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Average Sample. — It is sometimes desirable to obtain an 
average* test of the milk from a whole day’s delivery. Tliis 
am be obtained in two ways: First, ])y taking a sample from 
each patron’s milk with a sampling-tube, and putting it all 
togetlK'r in one jar. The result rejwesents an average tost, pro- 
viding the sani])les have b(H‘n correctly taken. Second, an aver- 
age t('st (‘an Ik; had by l)oring a small hole in the conductor-head. 
When the milk pass(\s over this hole, a small portion of it 
drops through. A v(‘ssel of some kind can lx* put underneath 
to catch th(‘ drops. Such a dri])-sample will represemt very 
accurately the averag(‘ (piality of the milk received at the 
cr(*amery. If it is (i(*sirabl(‘ to k(‘ep this sampl(‘, a preservative 
can b(' a(l(l(*d to it. 

Composite Sampling without the Use of Preservatives. — 

Pi])(‘ttes can Ik* obtaiiunl heading 5.S7 c.c. of milk. These are 
one-third tin* size* of the ordinary 17.0 c.c. ])ipette used for 
tlu' Babcock t(‘si. With this small j)ipett(‘ a sample may be 
tak(‘n ('very day from (*ach patron’s milk, during three suc- 
cessive' days, and emptic'd into the same test-bottle each 
day. At tlu* (‘lul of thiw days the samples may be tested 
and the botth's ch'anc'd, ready for use again. 

Accurate composite sampk's may be obtaimKl in this way, 
]n-oviding tlu* sam])le in the pipette is corrc'ctly taken each 
day. Ao })res('rvative is JKK'ded. The pnvservatives are added 
to the composite sanipl(\s to prevent curdling. The test-bottles 
may be plac(‘d on a sludf, or preh'rably in a rack made to hold 
them. Tlu'v should bo mark(Hl in such a way as to identify 
tlu'm. A good way is to mark them the same as the com- 
jars, the number on the jar corresponding to the number 
on the nlilk-^heet for each patron. 



CHAPTER IX. 


CliKAMl.KV (’ALCriAl J' »N. 

Find the Average Per Cent of Fat. — ]i\ calculating the 
average p(‘r cent of fa( from a nuinlxT of cows, or the milk 
fiirnislied !)y the different patrons, the misUiki' of adding tlie 
tests of all the sainph's togotlaT and dividing tlu' sum hy the 
total number of samples tested is often made. Milk from 
difterent patrons, or from different cows, will always vary, 
some in (piality and some in quantity, and in order to g(‘t a 
<*(»rre(‘t average test, both quantity and qmvlity must be taken 
into consideration. The wrong way of ealeulating the average 
piTcamtage may be illustrat(‘d as follows: 


Sample 

Milk IVlivered. 

Per cent Fat 

1 

,30 ll>s 

.3 0 

o 

100 

4 .3 

3 

.300 “ 

3 0 

4 

300 “ 

.3 .3 

4)ie/; 


4 

The average test, according to the wrong method, 4'^^ • 
The ('(u-nad way of calculating the avemage percentage* rnay 
Ih* illustrated as follows: 

Sample. Milk Oelivere'!. Per c<Mir J af . 

1 rX) JbM 5 0 - ‘J r, ll>h fat 

2 too “ 4 a- 4 T) “ 

3 rm “ 3 0 ‘IT) 0 “ “ 

4 30<1 *‘ 3 5-^10 5 “ 

9,30 lbs. 9.30)32 .3 lbs fat 

3 42 


10.3 
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The average test, according to the correct method, is 3.42%. 

It will l)e seen from the example quoted that there is a 
difference of more than .b%. If the percentage of fat or 
the number of pounds of milk is uniform, then it does not 
matter which of the two ways illustrated above is used. But 
as uniformity in either of these respects scarcely ever exists 
in practice, the only correct way of calculating the percentage 
is to find the total number of pounds of fat and divide it by 
the total number of j)ounds of milk; the result is .0342, which 
may be written 3.42%. 



Fid. 63. — A lOiSHian co-operativo on^artieiy in Siberia. 
(T S (iovernmont Hullftin.) 


% It is ver\’ common for ci'canuTy patrons to test the milk 
from each of their cows, tlnui add the tests together and divide 
by the total numlx'r of cow.s t(‘sted. The result they will 
call the average test, and frequently such tests are made use 
of as evid(‘nce against a creamery ojx^rator to prove that his 
tests at the cr(:*amery wen' not cornx^t. The fallacy is evident 
from what has IxH'n said alx)ve. 
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The same mistake is also likely to made in finding 
the average test from several creamery-plants |md skimming- 
st at ions. 

Calculation of Overrun. — The amount of overrun is the 
difTerenc(‘ In^wecii the amount of pure Initter-fat, and the 
amount of butter manufactumi from thai given amoant 
fat. This difference, divided by the amount of fat and multi- 
pli(Hl by 100 will give* the percentage of overrun. The calcu- 
lation of the ov(Trun in the creamery should always be made 



I k.; C)4. — A r'hcshire creamery. England (London Creamer)^ Journal.) 


fioni the fat-})asis on wliich tlie j)atrons are iKang paid If 
the fat is deliven'd in the cream, the overrun should l)e culcu- 
lat(‘d from llu' fat in the cream. The ovc'rrun calculated from 
tii(‘ composition of the butter manufactun'd would not be an 
indication of the correct overrun, as there might be s(‘rious 
lossc's of fat sustairuH] during tlu' difTerent stej)H in the manu- 
facture, such as from inetficient skimming, incomplete churning, ' 
and gem'ral losses in the creamery. It is possible that but U'r 
might show a high eont(*nt of the substances not fat, and 
yet not siiow a good overrun on account of losses; wdiile butt(ir 
containing only a medium high moist urexamtent might show 
as great or gr(*ater overrun on account of thorough and efficient 
work during the different steps of manufacture. 
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The amount of overrun depends upon: 

1. Thoroughness of skimming. 

2. Completeness of churning. 

3. General losses in the creamery. 

4. Comi)osition of the butter manufactured. 

The theoreti(*al overrun, however, may be quite accurately 
calculated from the composition of the butter manufactured 
in a well regulated creamery. In creameries where the con- 
ditions of separation and churning are almost perfect, the 
amount of fat lost in the buttermilk and the skimmed milk 
is quite constant from day to day, and should not exceed .1% 
in the skimmed milk and in the buttermilk, according 
to the Babcock test. Basing the calculations upon the above 
figures, tlu' tla^oretical overrun may be calculated from the 
co!iq)osition of the butter as follows: 

If, for instance, we start with 1000 pounds of milk-testing 
fat, there will be a total of 40 ])ounds of fat. If we skim 
32^,;; cream from 4% milk, we should have -3%, or J, of it cream, 
and the remainder skim-milk, or 125 pounds of cream and 
S75 pounds of skimmed milk. If there were .1% of fat in the 
skimmed milk, there would be a loss of .875 ])ouiids of fat during 
skimming. There would then be 39.125 j)Ounds of fat in the 
125 pounds of cream (40 - .875 - 39.125). If lO^^ of starter 
wen' addt'd to the cream we should get 137.5 pounds of cn'am 
t(‘sling 2S.4^\' . (125 jiounds cream X 1.10 ^ 137.5 })ounds cream; 

39. 125 137.5 - 28.4^\' fat.) By churning this cream we 
should obtain about 100 ]>ounds of butt(‘rmilk. If it test(‘d 
. 2 ^\' fat th(‘re would be a loss of about .2 pounds of fat, making 
a total loss of fat in skim-milk and butti'rmilk of 1.075 ])ounds. 
Subtracting this total lo.ss of 1,075 from 40 pounds we wcnild 
have 38.925 pounds of fat left to be made into buth'r 
(40 -1.075- 38.925 pounds of fat). If the butter on analysis 
proves to (‘ontain fat, the total numlx}r of pounds manu- 
factuH'd will 1 k' 38.925-^82- 47.47 pounds of l^utter. 47.47 — 
40 7.47 ]>ounds theoretical overrun, and 7.47 -i-40X 100= 18.7% 
overrun (theomtical). 
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It is evident that the losses of fat will vary according to 
the different conditions. The richer the cix'ain, and the less 
fat in the whole milk to he skimm>’d, the nnwe skim-milk there 
will he; the thinner the cream, am! the nu>re fat there Is ir 
the milk to he skimmed, the le;us skiinmetl milk then' will he, 
and e()ns(‘quently with the same skimming eliieieney less fat 
will l)e lost in the skim-milk. The thiuiU'r the enam is the 
more huttermilk there will lx\ These conditions must 1 k^ left 
for the operator to govern according to th(‘ conditions present. 

The actual amount and ikt cent of ov('rrun as determined 
in (iH'ameries is (‘alculated as descrilxHi previously. The 
formula is Jis follows: 

Hutter-fat ^ . , 

> — X 100=^ per cent of actual overrun. 


Calculation of Chum-yield. — Instead of ('Xj;n‘ssing tlie in- 
f*r(‘ase of butter over that of fat in tlu‘ ])(‘re(‘ntage overrun, 
as above, it is often customarv among er(‘ain(Tymen to s])(‘ak 
of the ‘X’huni-yiehi.” For instance, tluy say that their test 
' was 3.90, and tln‘lr cluirn-yi(‘ld was o, meaning that on tlie 
average* each 100 [)ouiids of milk contained 3.9 pounds of 
fat and yielded 5 pounds of butter. Tlu* churn-yield is always 
expres.sed in {>erceii^age, and is (d)tained by dividing the total 
t)ouuds of butter obtained by the total jiounds of milk ir(.m 
which the butter wuis madt*, according to the following formula: 


Pounds of butter 
l^ouiids of milk 


X 100--(‘hurn-yit‘ld. 


Tu case cream is handled instead of milk, the same may 
be obtained by substituting “pounds of cream ’ for '‘{Kmiids 
of milk” in the formula. 

Calculation of Dividends. — The method of calculating 
dividends will vary according to the agre<*ments between the 
manufacturer of the butter and the milk and cream producers. 
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Some manufacturers agree to make the butter for so many 
cents per pound of butter (usually 3 or 4 cents). Occasionally 
the creamery proprietor agrees to pay a final fixed sum for milk 
delivered containing a definite amount of fat (usually 4%). 
These two methods are not in use much at the present time, 
although in the eastern part of the United States the method 
of paying the operator so much per pound of butter-fat manu- 
factured is quite common. 



Fiu. Of). — Jeinsen creamery, Bamten Province, Hamburg, Germany. 
(Creamery Journal ) 


The two methods most commonly used, especially in the 
(•(Mitral West, are lis follows: 

(1) Pay so much per j)ound of butter-fat based upon some 
standard market price, such as Elgin or New York. The 
amount paid now by the central plants for butter-fat is usually 
2 or 3 cents jhm- jKnind Ixdow '‘New York Extras, and the 
company pays all freight or express charges. 

(2) Pay per pound of fat based upon the net income of the 
cn*amery. 
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1. The former method of paying for butter-fat has become 
quite common. Nearly all the ham 1-separator or central [)lants 
are paying for butter according to iliLs method. Payments are 
usually made every two w(H'ks. Although tl is causes more 
work, it is much more satisfactory to the })atroiiS than to {)ay 
only at the end of each month. 

In order to cahmiate dividends when jiaid at tlu' end of 
two weeks or at the (‘nd of (‘ach montii, tlu' tiist stef) is to 
find how many pounds of butter-fat hav(' Ixam d(‘llv('r(‘d by 
each patron. If composite sample's ar‘(‘ taken, and these 
te^te'd tor fat at intervals of one week, whiedi would make' about 
four h'sts during tlu' month, and two during half a month, 
di(‘ re'sults of the s(‘V(‘ral tests may Ih' addt'd, aiul the' sum 
divid('d by tlu' number of samples t('st('d. This may give the 
av('iag(‘ t('st, ])Ut it must lx* borne in mind tliat this method 
is also ]ik(‘ly to give wrong n'sults. Ps])(‘cially is this so 
wIk'Ii cream is deliv('r('d which varic's in (juantity lis weT as 
(juality during the ditTc'rent parts of th(‘ inontlL 

If cream only is being r(‘C(‘iv('d, it is a good plan to test 
(‘ach ])atron’s cream (‘very day, as it is more or k'ss dilii(‘ult 
to get al)solut(‘ly accmatc' ('omposite' sainph's from cn'ams of 
dithTeiit ricluH'ss. Hesidos this, tin* patrons -can get tlu' t(‘st 
as wtII as the weight of the (Team of each previous day's de- 
liv(‘ry, and thus knenv how thc'ir account stands from dav to 
day. A little more labor is involve'd in doing this, but ;n th(' 
long run it ke^ps th(' jiatrons Ix'tter satisfic'd. 

2. If the firice of butU'r-fat p(T pound is being biis{*d upon 
the net income, as is the case in nc'arly all co-ojx'rativc* crc'am- 
eries, and also in many prof)rietary creamcTic's, the first step 
is to find out how' much butler-fat each patron d(‘liv(Ted during 
the spcTiIk'd timt', two wec'ks or a month, whichevcT may 
he the case. When this has been obtained, the total fiounds 
of fat delivered by all the patrons are found. From the gross 
income the total expensevs of running the creamery are sul)- 
tracted. The remainder rc'firesents the net income. This is 
then divided by the total pounds of fat delivered to the cre^am- 
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ery, and the quotient repre^nts the price per pound of butter* 
fat to the patrons. 

Knowing the price of one pound of fat to be paid to the 
patrons, the sum due to each patron is found by multiplying 
the price per pound by the total number of jxmnds of fat each 
patron delivered during the 8f>ecified time. 

In some insiances provisions are made for a "‘sinking fund/' 
This is a name given to a fund rais<‘d })y deducting so much 
per pound of fat, or i)er 100 pounds of milk, from each patron's 
di'livery at the end of each month. This fiiml is for the pur- 
|.K)S(‘ of ])aying otT a debt gradually, or for raising a furul for 
new efiuipmisnt, or other improvements in the cn^auHTy. In 
cas(^ such money is to be withlield, it is dt‘duct(‘d previous to 
making the final calculation. 

Cream-raising Coefficient. — By the term cn^am-raising coeffi- 
cient we und(‘r^tan(} the percentjige of fat naiioved from the 
milk during the process of separation. The cahmlation of the 
cream-raising coefficient may l)e illustrated as follows: 

Suppose we hav(‘ 100 pounds of milk containing 4^/' fat, 
and yielding So pounds of skim-milk and 15 })ounds of cream, 
the skim-milk containing .2/^, fat. 

Total fat in whol(‘ milk -100 lbs. “=^4 lbs. 

Total fat ill skim-milk = S5 lbs. <.2^\'. — .17 lbs. 

Total fat in cream ^ 4 lbs. -.17 lbs. ^^d.Sd los. 

2.S3X HH) 

-95.75^^' of the total 1 pounds of fat, or the 
4 

crearn-raising coefficient. 

Statement to Patrons. — A completi^ statemcMit should b(‘ 
madt' each time' a settlement is made*, and accompanied with 
the check. A statement similar to the following one may 
s(‘rve as an example' :* 


' Creamery Hutter-makmg, hy Micheln. 
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CREAMERY COMPANY 

IN ACCOUNT WITH 

Mr. 

For the month of 190_ 


Cr. Dr. 

No. pounds milk delivered Pounds butter at 

by you Cans, at 

Average test Cash 

No. pounds buttor-fat . . . Hauling at .. . per 100 lbs 

Price per pound . . $. 


Thilance due you 

'J'otal poundH milk delivered at erearnery . 

Average test at creamery 

Total pounds butter-fat at creamery . 

I - lbs. at 

! i < i i 

Sales of buttcT •( 



b(‘ss cts. for making. 

Ikilance (lu<* patrons 

Per ctuit overrun 

Testing \vitneMS('d by 

Prrst, 

Secy. 



At th(' ('nd of tlie year a final statement sliould be made 
by the n'spective officers, similar to the following one: 


ANNUAL REPORT. 

I neorporated 190 .. . Commenced Operations, 190 . . . 

Annual Report, 190. . . 

of the 

CREAMERY COMPANY 

, Iowa. 


( Butter-maker; Asst. Butter-maker) 

(^APiT^i. S'KK'K S Paid in $...., 

OFFICEUS and directors. 


” PresUienlf Secretary, Treasurer. 
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SECHETAKY’S REPORT. 

To the Stockholders; Your Secretary herewith submits the following 
rc‘port for the year ending l)eceml>er 3], 190 .. 

Total jK)unds of milk rccei\ed . 

Total }x)und.s butler-fat (a)ntained in same 

Total pounds butter manufactured . . 

Average test of butter-fat yxir hundre<l p<>unds of ijiilk 

Average yield of l)utter jier hundrexl fKHinds of milk 

Average pnce f)aid pt?r liundrenl jx^unde of milk .... 

Average price paid imndred pounds of Imiter-fat 

Average {H*r c'cnt increase of churn over te^t (overrun) 

Average price I'eceued {x*r |K)und of butter 

Avenigc monthly ev(H‘H.st‘s (»f running civamerj^ 

Average co-^t of manufacturing butter |X‘r poumi. 


1 oliouing is a 


Mont lily Statement tor the vear 100. 


.laimary 
Eel)ruarv 
March '. 
April 
May 
June . 

J ul.\ 

August 

SepU‘inlK*r 

( >c1 ol )er 
\o\ t'lnber 
I )ecc‘uiber 


Totals 


SPATl-lMEN'r Ol' C ASH ItECElVKD AND DISBI HSKD, 


b hCHJl’ I's. 

Received fur butter . $ 


Total amount of cash re- 
ceived and paid to 
Treasurer 

Cash balance in hands of 
Treasurer, Jan 100.. 
Total 


I tlSlU'UHKMKNTS 
Paid to pat ron« for milk % 
Running expenst's of croarri- 
erv and supplies on hand 
Paid for machinery', iT'a- 
tenal. ref^airs, e(^' (ont 
of iHTcentage fund) 

Paid di\ idend on stock for 
190. (out of percentage 
fund) 

Paid <liv idend on stock for 
1{K) (out of i)ercentage 
fund) 

Total amount of orders 
iirawn on J'reasurer 
('asli balance in hands of 
Treasurer, Jan. 190. . 

Total 
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TREASURER'S REPORT. 

To the Stockholders of the Creamery Company; Your 

Treasurer herewith submits the following report: 

Statement of Cash Received and Disbtirsed. 

Receipts. Disbursements. 

Total . . Total 

Respectfully submitted, Treasurer. 

Cashier of Bank. 

REPORT OF AUDITING COMMITTEE. 

To the Stockholders of the CTeamery Company; 

We, tlie undersigned, appointed by your Board of Directors to examine 
and audit liie Books, Accounts, and Vouchers of the Secretary and Treas- 
urer of tlie Creamery Company for the year 190 hereby 

certify that we have carefully examined the same and compared them with 
the above reports of said oflicers, and find them correct. 

In witness whereof we have hereunto set our hands at , Iowa, 

tliis .... day of a.d , 190. . .. 


Auditing Committee. 


Paying for Fat in Cream Compared with Paying for Fat in 
Milk, It is evident that when patrons deliver fat in the form 
of milk the ereamery ojicrator sustains a loss in the skimmed 
milk, while if the fat is delivered in the form of cream, no 
fat is lost in the skim-milk at the creamery, and consequently 
tlie cream patron should receive more per pound of fat delivered 
than tlie whole-milk patron, providing the quality of the fat 
in the cream is as good as that in the form of milk. The butter- 
mak(‘r sliould obtain a larger overrun from the fat of the cream 
than he docs from the fat of the milk. The amount which 
th(‘ patrons should paid for fat, delivered in the form of 
cr(‘am, depends upon the thoroughness of skimming. If 
1000 pounds of milk testing fat were bought and skimmed, 
tluTC would he a lo.ss of about .9 of a pound of fat during the 
skimming, which would make about 1 pound of butter, worth 
about 20 cents. If Ixiught in the form of cream this loss would 
not he sustained. The alx)vc loss, during skimming, according 
to the figures n^entioned, would amount to about half a cent 
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per pound of butter manufactured. The fat lost during the 
skimming process would amount to about 2% of the total 
fat. If the cream fat he iucn^ased by 2%, an approximate 
basis for paying milk and cream patrons is obtained. 

Degree of Justice in Paying Cream Patrons More per Pound 
of Fat than the Milk Patrons. — There is another side to this 
question of rea(‘liing an equity of payment l)el\ve(’n the ci'eani 
patrons and milk patrons. A cream patron sliould not receive 
more pay than a milk patron, unless the quality of the fat 
is as good as that d(‘livenxl by the milk i)atron. It is a well- 
known fact that the fat delivered in the form of cream is, as 
a rule, and has beeip much inferior to that deliveml in the 
form of whole milk. This is evidently due to the fact 
cn'aTu is not delivered daily to the creamery, and that it is 
improperly haiidh'd on the farm, and during transportation. 
According to the results obtained in the b'Ava lvlu(‘ati()nal 
ContesI, and other scorings, butter from hand-separator eream 
on an average seldom s(‘ores above 90, on a scab' of 100. It is 
safe to come to the conclusion that there is at least a differenee 
of three points in quality in favor of creamery l)utt(‘r made 
from milk-fat. Mr. ilealy, one of the l>est known buttcu* ji’dg(‘s, 
claims that in the iK^ai future butter will he sold more accord- 
ing to ([uality than it is now. He asserts that a fair basis of 
paying for huttt r according to scores would be to d^‘duct a 
quarter of a cent for every point that the l)utt(‘r scor{‘s IxTav 91, 
and an addition of a quart ei of a ccait for (‘very point it scor(‘s 
abov(‘. Tills would make a difTen‘nc(‘ of thn‘(*-(|uarters of a 
cent ])er ))ound in the s(‘lling price of butter made from wh(jl(‘ 
milk and that made from liand-'^c'parator cr(‘am. It was 
hgunal above that the loss from skimming would amount to 
about half a (‘cnt ]»er poumi of butter, thus l(\aving a margin 
of one-quarter of a (*ent in favor of the whole-milk patron 
per pound of butter, rather than l>eiag in favor of the cream 
patron. 



CHAPTER X. 


HEATING Mll.K rKEVIOUS TO SKIMMING. 

Reasons for Heating.— Owing to the fact that all separators 
will skim closer and not clog so easily when milk is heated, 
nearly all creameries heat or warm the milk previous to skim- 
ming. Py thus heating and stirring the milk in a pure atrno- 
si)here, many undesirable odors or taints escape. With an 
increas(i of temperature, tlu^ viscosity of the milk is lessened, 
due chiefly to the softening and separation of the fat-globules. 
Such an increased fluidity of the milk lessens the resistant 
force of th(‘ fat-globules when exposed to the centrifugal force 
of the s(‘j)arat()r. The higher the temperature the more fluid 
the milk becomes, and consequently the e^isier the fat can be 
separated. 

Py warming the milk to a high temperature and leaving 
it for som(‘ time, and then cooling quickl}^ again to skimming 
t(‘m])erature (9(E F.) and separating, the skimming efficiency 
of the separator is in(‘reas(Ml materially. If the milk has been 
standing at a very low temperature for at least three hours, 
and then is quickly warmed up to the usual skimming tem- 
perature, and skimmed, the warming of the milk has com- 
paratively little effect in bringing it into a good condition for 
skimming. It will thus be seen that it is })ossible to skim 
milk at the same temperature, and yet get different results, 
due to previous temperature conditions. Duration of tem- 
perature should l)e considered as well as the temperature itself. 

The tem])erature to which milk should he heated previous 
to skiimning varies according to different investigators. The 
temperature that has been mostly employed in the past in 
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this country, and perhaps at the present lime, is about 90® F. 
This comparatively low temperature was fixed owin^ to the 
supposedly bad effect high skimming temperature had upon 
the body of the finished butter. F.xposing milk, at high tem- 
peratures, to the centrifugal force in a separator was said 
to producea greasy body in butter. According to some ex- 
periments conducted at the Iowa KxpennKuit Station liy the 
authors during the year 1902, milk can be skimmed at 175® F. 
without any injury to the quality of ihv butter, providing the 
cream is cooled to ripening temperature, or Indow. as soon 
as it has Ix'en skinim(‘d. After the ripening has l)e(‘n com- 
pleted the cream should be exposed at least thn‘e hours to a 
low temperature (50® F.) j)r(‘vious to churning. 

If the milk is heated in any of the best modern heaters, 
no injurious results to the cjuality of the butter will be ot)tain(*d. 
Jh-of. l)(‘an, at the Ontario Agri(*ultural Collegt‘, has nlso found 
it practical to heat to pasteurization tempcTature {)r(‘\'ioiis to 
skimming. In many creameries in Denmark this mtdhod of 
heating milk is also follow(‘d. The Danes, as a rule, how(*v(T, 
have th(‘ heated milk pass over a cooler IxTore it goes into 
th(‘ s(‘])arator. 

Tlie chief ditiiculty encountered by the authors in heating 
milk to such a higli temperature previous to skimrtiing, was 
that the upper bearing in the separator got so hot that it was 
(leenu'd injurious to the separator, although the Ix'anng did 
not heat to such an extent as to cause the running of tlie 
machine to be abnormal in any way. 

Advantages of Warming Milk to High Heat Previous to 
Skimming. -The advantages of heating milk to a high tem- 
perature (175® F.j pnnuous to skimming, may l)e summarized 
as follows: 

(1) Undesirable taints are eliminated from the milk to a 
greater extent than can be accomplished in any other way, 
without applying chemicals. 

(2) The heating of whole milk destroys the germs in tlie 
resultant skimmed milk and cream prfwdically as efficiently 
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as when heated after the skimming process has been com- 
pleted. ^ 

(3) Less heating an<l cooling apparatus is necessary. 

(4) Closer slqinming. 

How Heated. — There are two methods by which milk is 
heated previous to skimming. First, by the use of direct 
live steam; sacoiid, by the use of lieaters W'hich heat with 
steam or hot water indirectly. 



Fig. GS. — ^Tlie Twentietli-eentiiry niilk-})cater. 


of milk with direct live sti'am is accomplished in 
two 'ways: first, by entering a steam hose into th(‘ vat foil 
of milk; and, second, by making use of si)ecial heaters, whieh 
allow steam to come in direct contact with the milk as the 
milk passes through. 

The method of heating milk with direct liv(‘ steam cannot 
be too strongly condemned, }>ecaus(‘ it leaves liad vifocts uf)on 
the flavor of the butter. At the Milwaukei* National Butter 
contest in 1903, where over eight hundred exhibitors were 
represented, the authors noticed that where the criticism 
'M)urnt, oily flavor^’ was made on the score card, the milk 
from which the butter was made had in most cases l)een heated 
with live steam. The burnt firwor may possibly be due to the 
sudden excessive heat to which the milk will l>e exposed when 
coming in contact with live steam. The greatest danger, 
however, in heating milk with live steam is, that impurities 
from the pit)es and boiler are likely to be transmitted to the 
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milk, and cause bad flavors. In most of the creameries the 
exliaust-steam from the engine is used to heat the water for the 
boiler. This steam is likely to carry with it cylinder-oil, which 
will impart undesirable flavors to the butter. Some creameries 
are also using boiler compounds for the removal of scales. 
These, when subjected to high heat and pressure, are likely 
to be transmitted to the stearn-pipes, and from there with the 
steam into the milk. The scale and rust of steam-pipes are 
also likely to be transferred to the milk. 

The right w^ay to heat milk previous to skimming is to make 
Uxse of one of the special heaters on the market, which heat 
by the use of steam or hot water indirectly. 



CHAPTER XL 


SEPAIIATION OF CREAM. 

In the process of the manufacture of butter it is essential 
that the fat of the milk shall be concentrated into a compara- 
tively small {)ortion of the milk-serum. This concentration of 
fat carric's with it a portion of all the other milk constittients, 
and the i)roduct ivS called cream. It is possible to churn milk 
without any separation, but a much greater loss is attendant, 
if the fat is not brought together by the process called separa- 
tion. 

The different kinds of cream may be classified according to 
the different methods of cream-separating: 

r Shallow -pan cream. 

( Gravity cream ^ Deep-setting cream. 

I i Water dilution cream (hydraulic). 

Cream j 

i centrifugal cream . . ( HHid-separal or cream, 

^ \ C reamery-«eparator cream. 


Gravity Creaming. 

Shallow-pan System. — This method of creaming is used 
mostly on farms which are situateti unfavorably in relation to a 
creamery, or for some other reasons do not send their milk to 
the creamery. It consists in placing the milk in shallow pans, 
from 2 to 4 inches in depth, as soon after milking as possible. 
The milk is then placed w^here it can be quickly cooled to a 
temperature of at least 60® F. A lower temperature than this 
is desirable if conditions permit. Tlie atmosphere in the room 
in which the milk is standing must be pure, free from dust, 
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draught; and any undesirable taints or odors, since it takes 
about thirty-six hours of quiet standing for the cream to rise. 
If there is a constant current of air in the room, a leathery 
en'am is likely to form. At the end of this time the cream is 
removed by the use of a skimmer, made especially for this 
purpose. It is difficult, however, to remove all the cream by 
this means. 

If the conditions are such that cool water can be constantly 
circu{lU;fHl around tlie })ans containing the milk, the tempera- 
ture can (‘asily be inade to go below GO^ F., and the creaming 
process iw facilitated. When such conditions are present, the 
depth of the milk in the i>ans can safely be increased to about 
() inches. Under the most favorable conditions about .5% 
fat will remain in the skimmed milk. 


Deep-setting System.— This system is undoubtedly the best 
method of gravity creaming When })roperly carried on the 
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tat can be ix'inoved so completely that 
no mor(‘ tlian .2^!^, of fat nmiains in 
the skimmed milk. It consists of put- 
ting milk into dee]) cans (ordinary four- 
gallon shotgun cans are usually em- 
}>lo3^e(l) immediately after the milk 
has been drawn from the cow. Tlnui 
it is ])ut into cold water, and generally 
cooled down to, and maintained at, a 
temperature of about 55° F. The 


cream will rise in al)out twenty-four 
hours. Hotter results can l)e obtained if the water is cooled 
down to al)o\it 40° with the use of iee-water. 


One reason why this system is in use so much, evmi in 
creamery localities is that the eream obtained is nearly always 
of a (rood <|nali(y, Tlie farmer knows that unle.ss the milk 
be cooled ((uickly, and maintained at a low temi)eraturo the 
cream will n..t rise freely. For this reason the milk i.s .swstt- 
matically and thoroughly cfyoled. which is one of the great 
essentials m ordt'r to clu'ck the growth of the ferment.s in milk 
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and keep the milk in good condition. In many parts of the 
eastern United States, the deep-setting system is in general 
use. A special form of can is used. The can is simply an 
ordinary four-gallon can, about 8 inches in diameter and 20 
inches deep. It has a glass on one side near the bottom or near 
the top, which allows the reading of the diickness of the layer 
of cream. On each side of the glass is a graduated scale, which 
gives the reading in inches. In case the cream is being sold 
to a creaintTy, the hauler conies along, notes the depth of the 
laytT of cream, and records the number of inches of cream 
oi)i)osite the patron's name. At the eml of the month, or 
wlK'iiever the time for [layment comes, the money is appor- 
tioned ae(‘or(ling to the number of inches of cream delivered 
by ea(*h of the patrons. No test for fat is made. This is what 
is known as the ^‘Cooley system,’' and is used f{uite extensively 
in the East, especially in Massachusetts. 

\Vhil(‘ cream usually arrives at the creamery in a fair con- 
dition, there is the objection that the emam is always thin. It 
s(‘Idom contains any more than IS or 20% of fat. 

No good (‘x])lanatiori has yet b(‘eii given why cream in a 
deep layer of milk at 40° F. should rise more quickly and more 
completely than in a thin layer at a higher temperature. 
* Arnold seeks to explain it by saying: Water is a better 
conductor of heat than fat; hence when the temperature of 
the milk varies cither up or down, the water in the milk feels 
the ehect of the heat or cold sooner tlian the fat in the cream 
does. Therefore the cn^am is always a little beliind the water 
in swelling with heat or shrinking witli cold, tlius diminisliing 
the (liff(‘rence between the specific gravity of the milk and 
cream when the tempi'rature is rising, and increasing it when 
the temperature is falling.” 

This explanation is, ac(‘ording to Babcock, t not satisfactory. 
He says: “ Though it is true that water is a l)etter conductor 
of heat than fat, the small size of the fat-globules renders it 

♦ American Dairying, p. 210. 

t Wisconsin Experiment Station, Hull. 18, p. 24. 
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impossible that under any circumstances there can be more 
than a small fraction of a degree of difference between the 
temperature of the fat and that of the milk serum. More- 
over, with the limits of temperature practical for a creamery, 
(90® to 40® F.), the coefficient of expansion of butter fat is 
more than three times as great as that of water, so that in 
order to maintain the same relative difference in their specific 
gravities when the temperature is falling, the milk serum must 
cool nearly three times as quickly as the fat. In other words, 
wh(‘n th( milk serum has cooled from 90° to 40°, or 50° F., 
the fat-glabules should have lost less than 17°, and should 
still have a temperature of over 70® F., a difference between 
the temperature of milk serum and fat of more than 33°. Such 
a condition is manifestly impossible, but no less difference 
than this would cause the fat to become relatively heavier 
than at first, and would operate against the crcaming.^^ 

A low temperature increases the viscosity of the milk, 
and consequently it would seem that the resistant force of 
the fat-globules in their upward passage through the milk 
serum would be increased, and thus retard the creaming. 
Babcock maintains that fibrin is partially precipitated when 
milk is allowed to stand at a medium high temperature. The 
fibrin, when precipitated, forms a fine network of threads 
permeating the milk in all directions, similar to the network 
of fibrin in coagulated blood. It is possible to conceive that 
such a network would interfere with the rising of the fat-glob- 
ules, at comparatively liigh temperatures. The reason that 
fat-globules will ris(' more quickly and more completely in the 
deep-s(4ting system than in the shallqw-pan system, might 
hv ('X[)lained on this fibrin theory were it not for the fact that 
experiments conducted at the Cornell Experiment Station 
show that the setting and cooling of milk may l)e delayed 
long enough for this fibrin to form, without any effect upon 
the separation when set and cooled. 

Probable Explanation. -It is a well knowm fact in physics 
that most liquids, when present in the fonn of drops, increase 
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their surface tension when the temperature is lowered. Owing 
to this increase in surface tension, the liquid drops unite together 
at a low temperature much more rapidly than they do at a 
high temperature. For iastance, two drops of molten iron 
unite much more readily just previous lo solidifying than 
they do while the. temperature is liigher, and the liquid more 
fluid. As the fat in milk is present in the form of small liquid 
globules, as nu^ntioned previously, it seems probable that 
these fat-globules might have properties similar to those of 
the liquid mentioned alx)ve, and behave similarly in the milk, 
when set at low’ ternpcTatu’^s, in accordance with the def‘p 
setting method. If the fat-globuJes act in accordance with 
this theory, it seems probable that there is no real menibranf , 
other than that resulting from surface tension, enveloping 
each fat-globule. If there were such a membrane, composed 
of albuminoid chiefly, then undoubtedly the fat-globules would 
not assume this property. 

With such a deep layer of milk the lower most fat-globules 
must evidently encounter a great many other globules as 
they rise. If the physical force mentioned does not facilitate 
the process of uniting the globules, they would partly unite 
w'ithout it. The more they unite in small bunches, or masses, 
the greater would be the tendency for them to rise, as explained 
previously, and more of the smaller fat-globules world 1^ 
carried along. The bottom globules would tend to partly 
unite and form a filter, which pjiSvSes up through the milk 
by the buoyant force, or force of levity. 

If tills latter explanation holds true, then more of the milk 
constituents would be present in the cream from tlie deep- 
setting system than in the cream froi!i the shallow-pan system. 
By comparing the cream raisc'd by the shallow-pan system 
wdth that raised by the deep-setting system, before the cream 
has been nanoved from the milk, it will be noticed that the 
cream raised by the shallow-pan system appears to be much 
yellower than is that raised by the deep-setting system. This 
condition can only be due to the fact that the surface cream, 
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raiw^d by the shallow-pan system, contains more pure fat. 
Tlu‘ fat, as it rises, does not have the same opportunity of 
uniting with so many other globules, owing to the comparatively 
shallow layer it has to pass through, and the temperature is 
not low enough to facihtate the uniting of the globules; that 
is, providing the fat-globules act the same as most other liquids 
at lower temperatures. 

Water-dilution Cream (Hydraulic). — When milk is diluted 
with water, the fat or cream rises much more rapidly and 
completely to the surface than it would in its undiluted form. 
A ereaming-can is based upon tliis principle, and it was expected 
to combine qiiickm'ss, elliciency, and simplicity. The sepa- 
rator consists simply of a tin can into which the milk is poured 
and then diluted with cold water. In a few hours the cream 
rises to the surface. Arrang(*ments are usually made* so that 
tiu‘ skim-milk can be drawn off from the bottom of the can. 
While the tliluted ftmn of the milk a})])arently causes the 
en'aming to be more efFiciently and (luickly done, it can readily 
b(‘ semi that in ord(‘r to have a vskimming elliciency equal to 
other metliods of skimming, it must leave only about half as 
much fat, b(‘caiise the milk is dilutcal with about an equal 
volume of water. If the water-diluted skimmed milk contains 
fat, th(‘n the same skim-milk in the undiluted form would 
contain A per c(uit fat. 

Th(‘ wat(T-dihi(ion method of skimming practically spoils 
skimiiH'd milk for feeding purposes. Skimmed milk which 
contains a fourth or a half of water, has been robbed of its 
esMuitial nTish to the calf, and it becomes nec(\ssary for the 
calf to consume too much volume in order to get the required 
amount of nourishment. 

This water-dilution system also gives more volume to 
handl(‘. If farm dairying w(Te conducted on a large scale, 
tlie method would not l>e practicable. 

Another objection is that the cream which results from 
this dilution metho<l is siddom of gCK)d quality. Most well- 
water contains a multitude of micro-organisms which, w'hen 
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added to the milk, produce putrefactive and undesirable results. 
Much well-water also is tainted to a greater or lesser degree. 
Especially is this so with water from siiallow wells. Butter 
made from cream which has been diluted with water usually 
has a tlattish poor flavor. 

The efficiency of separation of diluted and undiluted milk 
is reported by Ming * to be as follows: 

Diluted with 25''c w'ai:m w^atcr set at F. (39 trials), 0.77% 
fat in skim-milk; 

TTidihited, set at 00° F (30 trials), l.OO^'o fat in skim-milk 

Undiluted, set at 40° F (26 trials), 0.29% ‘ ‘ ‘ ^ ‘ 

( ’entkifugal Cjib:am in g , 

In the separation of cream by centrifugal machines, the 
same princij)le is used as in the gravity systern of separation. 
The only difl'(‘r(mc(‘. i^ that in the centrifugal method the force 
which separates the cream from the milk is g(‘nerated by 
artificial methods, and acts in a horizontal direction; in the 
gravity system the force which separates the cream from the 
milk is only that which results from the difference in the specific 
gravity of the cream and the skimmed milk, and the force 
acts in a vertical direction. The for(‘e generated in the sei)a- 
rator is several hundred times greater than the natural force 
in tlu‘ gravity method. For this reason the cream separates 
almost instantaneously after ihn milk has entered the separator 
and is exposed to the centrifugal force. 

Advantages. — The centrifugal separator has several advan- 
tages over the gravity method, which are af)parent whhout 
detailed elaboration. In the first j)lace, the range of tem- 
jH^rature and condition of the milk at which the cream can be 
successfully separated is much greater than that for successful 
separation by the gravity method. Second, a much better 
cjuality of cream can be obtained l)y the centrifugal syst(‘m^ 


* Milk and Its Products, p. 105. 
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as the separation can l>e done before the milk gets old, while 
by the gravity method the time required for efficient separation 
is so long that the cream deteriorates more or less before it is 
removed from the milk. Third, by the centrifugal method the 
thickness of the cream can be regulated to suit requirements, 
while by the gravity method the thickest cream that can be 
obtained is about 20%. Fourth, by the centrifugal method 
many impurities and undesirable germs are removed, while in 
the gravity method the exposure to open air more or less 
imj)ure is likely to contaminate the milk with taints, and also 
allows the g(‘rms to fall into it. Fifth, by the centrifugal method 
the skimmed milk is left in an unadulterated condition. The 
milk can be skimmed soon after milking, or after it has been 
delivertHl to the creamery, and thus be in the best possible 
condition for f(‘(‘(ling [)uri)oses. Sixth, the centrifugal method 
permits of a more thorough separation of the fat. Butter-fat, 
as a rule, is too ex})ensive to feed, when good and much cheaper 
substitutes can be had. 

History of Centrifugal Separators. — The first centrifugal 
separator was a very simple one. It consisted of buckets 
hanging on th(‘ ends of arms, or on the periphery of a rotating 
horizontal flat wht‘el which swung on a central axis. The milk 
was ))laced in the buckets and whirliMl for a time, and then 
tlie machine (if we may call it such) was 3topf)ed, and the 
cream n'lnoved in the sanu' way iis in the gravity system. 
This method of sejiaration, according to J. H. Monrad,* had 
its origin in 1S(>4. As early as 1S59 Professor Fuclus of Carls- 
ruhe, Cermany, suggested testing the richness of milk by swing- 
ing tubes holding the samples of milk. In 1864 Prandtl, a 
brewer of Munich, sefiarated milk by such a device. In 1870 
Bev. F. II. Bond, of Northport, Massachusc^tis, worked out a 
methoil of separation which consisteil of two small glass jars 
attach(‘d to a spindle making 200 revolutions |)er minute* By 
one hour’s whirling the cream came to the tof). 


Dttirj’ McHseiiger, <)et,, 1892 , p. 109 . 
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In 1875 Prandtl exhibited at Frankfort-on-the-Main a con- 
tinuous separator, which did not at the time attract much 
attention, due chiefly to the excessive amount of power needed 
to overcome the resistant force of the air. In 1876 a Danish 
engineer named Winstrup succeeded m improving the old 
bucket method. In 1877 Lefeldt and T^entch offereti for sale 
four continuous separators with different capacities (from 110 
to 600 pounds of milk per hour). During that year also the 
first practical centrifugal creamery was established at Kiel, 
rrermany. In 1877 Houston and Thompson of Philadelphia 
filed a patent for the continuous method of separation of cream 


A 



Fig. 70. — First centrifugal separator. (From Dairy Messenger.) 

from milk. The patent was allowed in 1891. In March, 1877, 
Lefeldt and Lentch invented a separator similar in construction 
to the hollow bowl — a more recent type. This machine did not 
revolve at so rapid a rate as our modem machines do, nor 
did it have arrangements for continuous inflow and discharge. 
It was intermittent in its work, and it was necessary to stop 
at intervals to remove the cream and skimmed milk. 1879 
was the year which marked the greatest advancement toward 
the perfection of modern separators. The appearance of the 
Danish Weston, invented in Denmark, and the De Laval, in- 
vented in Sweden during that year, marked a great advance- 
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nient in the separation of cream from milk. This led to con- 
tinuons milk and cream discharges, and consequently also to 
the continuous inflow of whole milk. These machines were 
of the hollow-bowl construction. 

Modem Separators. — Since the year when the Danish Weston 
and the De Laval machines were invented, many different 
types of separators with different contrivances within the bowl 
have been put upon the market. Baron Bechtelsheim, of 
Munich, is given the credit of having discovered that certain 



Fig. 71. — ^The United States separator. 


contrivances on the inside of the machine increase the efficiency 
and capacity of skimming. This discovery was made, accord- 

to J. n. Monrad,* in 1890. This invention was bought by 
the De Tiaval Company. 

The [irincipal part of practically all the separators is a bowl 
rotating in a vertical position, with or without contrivances 
inside the bowl. Machines having a bowl rotating in a hori- 
zontal position are, so far as the authors know, not in use at 
tlu‘ present time. Such a machine w’as once manufactured at 
Hamburg, Germany, and was called ‘‘Peterson^s Centrifugal 


♦ Dairy Messoriger, Jan. 1892, p. 9. 
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Machine/’ Another German machine, called Page,” was 
also manufactured in the horizontal bowl style. 

From the above it will be noticed that four separate steps 
are recognizable in the evolution and improvement of separators: 

1. Revolving Bucket C(*ntrifuge; 

2. Intermittent Hollow Bowl; 

3. Continuous Hollow Bowl; 

4. Continuous Separator with contrivances within the 

Bowl. 



Fio 72 — The Simplex separator. 


The science and practice of separation of milk and cream 
have seemingly reached a high state of efficiency . It seems 
almost improbable, considering the many new improved sepa- 
rators on the market that any other great improvement could 
be made wdiich w^oiild add a separate stage to the improve- 
ment of our best centrifugal milk separators of to-day. 

Classification of Separators. — Owing to the many different 
standard types of separators now on the market, it is impossible 
to describe each one in detail. For this reason the classifi- 
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cation appearing below has been made. There are undoubtedly 
many other types, especially in foreign countries, with which 
the writers are not familiar, and which are not mentioned here, 
llie following classification will, in some measure, illustrate 
the different makes of separators on the market to-day: 


Hollow bowl. . 


•Farm sep- 
arators. 


f De Laval (old style). 
\ Sharpies. 


Cause milk to 
pass in thin 
sheets vertical- 
ly in bowl. 


Ome^a 

Empire. 

Davis. 

United States. 

National. 

Reid. 


So para* 
tors. 


Contrivances 
I in bowl. 


Cause milk to 
separate into 
almost h o r i - 
zontal thin 
sheets. 


Dairy Queen. 
De Laval. 
Peerless. 
Swea. 
Westphalia 
(Cleveland). 
Iowa. 

>Skim-close. 


Creamery 
power 
I sepura- 
^ tors. 


Hollow bowl 


Contrivances in 
l>owl. 


Improved Danish Weston (Reid). 
Sharpies (old style). 

De Laval (old style). 


Cause milk to 
pass in thir?, 
sheets verti- 
cally in bowl. 


United States. 
Simplex. 
Sharpies (new 
style). 


Cause milk to ' 
separate in al- De Laval, 
most horizon- Springer. 
taJ sheets. 


Many of theao separators whicli cause the milk to pass 
up ami down in vertical sheets have the bowl contrivances 
eorrvigated, and perforated with holes so that the skiiii-milk 
and cream assume also a partly horizontal direction. 

Process of Separation.— From the illustrations, the structure 
of the more common ty^ajs of separator bowls is readily 
understood. The whole milk may be made to enter at the 
lK)ttom or top of the bowl when revolving. In the Sharjdes, 
the milk enters at the bottom. Tlie more common ^way 
is to have the whole milk enter at the top. As the 
milk enters the Iwwl and is exposed to the centrifugal force, 
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it immediately begins to separate into three distinct layers. 
The centrifugal force acting in a horizontal direction forces 
the heaviest portions of the milk and the precipitated albu- 
minoids, ash, filth, and a multitude of germs over next to 




Fig. 73. — The lleid separator. Fig. 74. — ^The Sharpies separator. 


the wall of the separator bowl, and into a solid and more or 
less gelatinous layer, which is known as the '' separator slime. 
In very impure milk this substance is so plentiful th^4 it is 
likely to (*log the separator in a very short time, and before 
much separation is accomplished it is necessary to clean out 
the Ixiwl. The second layer is the skim-milk, while the cream, 
being the lightest, is forced to the center of the bowl and forrxis 
the third portion mentioned. Therf‘ is no distinct line of 
demarcation lietween the layers of skimmed milk and cream, 
dliey overlap each other and fonn a sort of zone, rather than 
a sharp separation. The richest cream is nearest the center 
of the Ixiwl, and gets thinner toward the outer portion of the 
bowl; consequently, by turning the outlet for^ the cream, or 
cream-scTew, nearer the center of the bowl, the cream is increased 
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in richness. Turning it away from the center causes the cream 
to ho thinner. The skimmed milk that is forced clear to the 
circumference of the bowl contains the least fat, and con- 
sequently the skimmed milk is always first removed from this 
portion of the howl. Usually the skim milk outlet is brought 
in towards the center of the bowl at one end through tubes 
(‘xkmding from the circumference of the bowl. If this were 
not done, some difficulty would be involved in arranging a 




Fkj 75 Sliovvins ‘'butter extractor'^ Fio. 76.--8howinK cross-section of 
Httu(‘hcd to \ )v I.iival Ni'parator. The l)e Laval separator how] 

butter extractor is not known to Ik) 
in iist‘ now. 

receiving-j)an for the discharged skim-milk. If the skim- 
milk were discharged near the circumference of the bowl, it 
would coiiK' out with a heavy force. Also, if the outlet for the 
skimmed milk were near the circunifcrence of the howl, a 
Hreat deal more power would Ixi required to run the machine. 
.As (he skimmed milk pa.s.sc’s through the tubes towards the 
center it gives \ip its force. Tlic nearer the skiramod-milk 
outlet can I >e brought to the center of the bowl, the easier 
will the machine run. 
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The size of the skimmed-xiiilk outlet is usually made so 
that it bears a certain relation to the size of inlet, size of bowl, 
and to the speed of the machine. Most skimnied-niilk outlets 
are made so as to discharge from .4 to about .0 or a little more, 
of the whole milk that enters the bowl. The remainder is 
the (Team, whi(‘h is forced to the center of the bowl and dis- 
charged through the cream outlet. 

Rt‘:l\tivk Amount and Richness of Milk and Cukam 

Out A INFO. 

Th(‘ conditions whicli affcTt the relative amount of (T('am 
may i)e said to be as follows: 

]. Jvh'gulation of the cr(‘am or skimmed-milk screw. 

2. It ate of inflow to the bowl. 

3. Speed of the machine. 

4. Temj)(*ratur(‘ of th(‘ milk. 

I. Regulation of the Cream or Skimmed-milk Screw. — All 

modern machiiK's, so far as known, hav(‘ a d(‘vice by which 
tlH‘ relative amount of skimmed milk and cn'ani can b(‘ (a)n- 
trolled, and conseiiuently the richiu'ss of th(' cr(‘am. Sona^ 
machines have this d(Ahc(' in the form of a (*ream scrcuv, and 
oth(‘rs as a skim-milk senuv. TIk^ cnmn-screw in most of 
the ma(*hines has a hole on one side of it through which the 
<‘ieam is discharged. If this screw is turiKMl so as to nuike 
llu‘ hole nearer th(‘ center, then the cream will be rich(*r and 
less in (juaiitity. If turned away from the (‘ent(*r, then more 
and thinner cream will be dischargc'd. In some machin(.‘s there 
is a skim-milk sermv which servers the? same j)ur{)ose. The 
method then of regulating the ndative amount of cr(*am and 
skimmed milk w^orks in just the opf)osit(‘ dir(‘ctiori; that is, 
wdi(‘n thicker cream and less of it is w'ant(»d, then tlie milk-screw 
is turned so as to bring the skimnuMl-milk outlet nearcT the 
circumference of the bowl. This gives more skimmed milk 
and consequently leas cream. If thinner and more cream is 
w^anted, then the screw is turned in. This causes more milk 
to flow" out through the cream outlet. The Read hand separator 
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is an example of this latter class. These two methods of regu- 
lating the thickness and amount of cream are the most common. 
It cannot done while the machine is in motion. By some 
this is considered a drawback. 

Other separators have a device whereby the amount of 
cream can be regulated while the machine is in motion. For 
instance, on the improved Danish Weston, there is a screw 
attached to the skim-milk discharge-tube, by turning which 
the end or point of the tube can be made to be closer or farther 
away from the center, thus regulating the relative amount 
of cream and skimmed milk, and the thickness of the cream. 

2. Rate of Inflow. — The rate of inflow of milk to the sepa- 
rator has a large influence on the relative amount of cream 
and skimmed milk. The greater the inflow to the separator, 
the more and thinner cream will be obtained, and with a dimin- 
ish(‘d inflow the less and thicker cream is obtained. This is 
due to the fact that at a given velocity of the machine the 
skim-milk discharge remains practically constant. So, if 
more milk is turned on, the only place where the discharge 
can increfise is through the cream outlet; and if the inlet is 
diminished, tl\e cream will diminish until a certain time, when 
the amount of milk, which runs into the machine, equals the 
amount discharged through the skim* milk outlet, and then 
there will be little or no cream. This is aptly illustrated 
by Wing: “ If the milk is turned into the bowl at such a 
rate that .S escapes through the skim-milk outlet, we shall 
have .8 skim-milk and .2 cream. If, now, we reduce the rate 
of inflow by .l,we shall get just as much skimmed milk as 
before, but only half iis much cream; or, if the inflow is increased 
.1, we shall get the same amount of skimmed milk and one 
and a half times as much cream. ’’ The completeness of sepa- 
ration will be the same so long as the separator is run within 
the range of its capacity. 

3. Speed. The s\)ecd of the separator influences the rela- 
tive amount of the cream and skimmed milk only in so far 
as an increikse in the speed of the l>ow! increases the capacity 
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of the skini-niilk outlet, due to a more rapid discharge 
through the skini-niilk outlet. The slower the bowl re- 
volves the less skimmed milk will be discharged, and conse- 
quently, if the inlet is constant, more end thinner cream will 
be the result. It should be stated in connection with thia 
that the efficiency of skimming depends to a large extent 
upon the speed, and if attempts are made tu increase the amount 
of cream and decrease the percentage of fat in it, by lowering 
the speed, an abnormal amount of fat will be left in the skimmed 
milk. 

4. Temperature. “Tlie temperature of milk usually does not 
influence the relative^ amount of milk and cream very much. 
The higher the temperature the more fluid the milk l:)ecomes^ 
and consequently, all other conditions l>eing the same, slightly 
more milk will run through at a higli temperature than is the 
case with a lower (emp^rature. This increase will show itself 
chiefly in the amount of cream, as the higher temperature 
has a greater relative (‘ffect upon the cream than it has upon 
the milk. By increasing the temperature of the milk, slightly 
more and thinner cream is obtained. 

('oNi)iTTONs Affect] NO Efficiency of Separators. 

I. Manner of Heating Milk. — Owing to the fact that fat- 
globules rapidly change their shape and property by exp 'ing 
them to heat and excessive agitation, it is essential that care 
should be taken in heating milk previous to skimming. When 
fat-globules are heated they become more liquid, and if stirred 
very much the clusters of fat-globules break up more rapidly. 
The individual globules, if stirred violently, will lireak or sul)- 
divide into several small ones. The higher the temperature 
of the milk, the more fluid the milk becomes, and the easier 
the s(*paration. If milk is stirred violently, the individual fat- 
globules break up into smaller ones, which are ^parated from 
milk with difficulty. The following table ♦ illustrates what 


♦ Hoard’s Daiiyman, Fort Atkinson, Ww. 
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cfTcct tho different degrees of agitation of milk has upon the 
efficiency of separation : 

Av. Fat 
No, of Per Cent 
Expen- in 
ments. Skim- 


milk. 

Milk heated in vat, not pumped 10 .117 

Milk heated in PuMteurizer, 200 revolutions of agitator per minute 8 .115 

2.50 ‘‘ “ ‘‘ ‘‘ 3 .118 

300 “ 8 .134 

3.50 “ 2 .143 

4(K) “ 7 .198 

500 " '' 4 .225 

Milk purrpx'd by the turliine |)ump at 122° F 3 .129 

“ “ f)l° F 3 .119 

with the pump, effective at 122° 3 .117 

“ “ 04° 3 .115 


In the above (‘xperiinents the diameter of the agitator in 
the l^asteurizer was Id inches. The sp('(‘(l at tlu' p('ri})hery, 
at 250 revolutions per mimit(‘, was 5 fed p(‘r s(‘coiid. 

It wull 1)(‘ secui from th(‘ al)ov(‘ table that th(‘ higher the 
speed of tlu* agitator, the greatcT th(‘ dithculty in getting a 
compl(‘t(‘ s(‘paration. Resides th(‘ spenni of the agitator in 
the heating ap])aratus, undoubtedly tlie shape of the Ras- 
teurizer is a factor in det(‘rmining the etiiciency of the 
subse(]uent s('j)aration. For ins(anc(\ the milk in most hori- 
zontal Rasteurizers is, evcui at low sp(‘ed, exposed to con- 
siderable agitation. 

If the milk is suddenly heated from a low temperature to 
about S(R or 00° F. and tluui skimm(‘d, the ]i(‘ating does not 
facilitate the skimming process very much. It is (‘ssential 
that the milk should be exposed to this temperature for a 
considerabl(‘ time. The fat-gIol)ules do not warm as rapidly 
as the milk-serum. This dimini.shes the diffemnee l)etween the 
sp(‘citic gravity of the two substances, consc^quently complete^ 
ness of separation Ix'comes more difficult. If milk is heated 
to a higli t(#iq>eratun\ say, for instance, 170° F., then the 
sc'paration will l>e sufficiently complete witliout exposing the 
milk for any length of time to that tempt'rature. 
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Machines are now maxie, and are on the market, which will 
bring the milk, or the fat-globuk's in the milk, into such a 
condition (hat they cannot be separated fi*om the milk. The 
process is called homogenization.” It consists of bringing 
the milk under certain pressure, and then forcing it out through 
a special valve. This relief, through this s|iecial valve, causes 
the fat-globules to divide up into very minute ones, They 
divide up to such an (extent that they cannot he separated 
frofii the milk by gravity methods, and it is impossible to get 
a complete separation by centrifugal methods. Homogeniza- 
tion of milk is carried on to some' ('xt(‘nt in lOurope. The 
process practically insures uniform quality to the milk patrons 
in the distribution of milk in cities, and secures a imme uniform 
consistemev of the product. 

2. Condition of the Milk.-- In order to g(‘t comph'te sepaniiion, 
and k(H‘p the s('parator in gooil running order, it is (*ssential 
that tluMiiilk should be in its good physical condition as possibl(\ 
(V)agulat(‘d, slimy, or otIuTwise viscous milk separates with 
dilliculty. AVlum such milk is on hand it should not be mix(‘d 
with the milk that is in good condition, as it might t(‘nd to coag- 
ulate more of the good milk, and the (amgulated or slimy lun })s 
are lik(‘ly to clog th(' separator. Such niilk should b(‘ l(‘ft 
until all the good milk has been sej)aratt‘d. Then, if the coagu- 
latfMi or slimy milk is thoroughly stirred so as to nalucr' the 
lumpiness of it, it maj be run through the sc'parator success- 
fully. It is a good plan not to haal tlu* s(‘paraior quite so 
heavily when this quality of milk is being run through. By 
shutting off the inlet a little, it will usually run tlirough without 
clogging. Milk containing impurities in suspension should be 
thoroughly strained previous to separation. 

Overfeeding the Separator. When a separator is Ixang 
overfed with milk there is a tendency for th(‘ inachim' to do 
les.s complete work. This is due to tin* fact that the more 
milk is Ixdng fed into the se^parator the le.ss time it wall l)c 
exf)osed to the centrifugal force. It is impossible to underfeed 
the separator as well. As has l)een mentioned Ixffore, the 
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inlet can be closed to such an extent as to cause nearly all the 
discharge to take place through the skini-inilk tube. 

As a rule when the machine has been set so as to allow the 
milk to flow in at a certain rate, it will continue to admit prac- 
tically the same amount of milk all through the skimming 
period. Among the conditions which may alter the rate of 
inflow to some extent, are the amount of heat and the change 
of pressure, due to different amounts of milk in the receiving- 
vat. Temperature will slightly affect the rate of inflow. Tlic 
liigher the temperature, all other conditions being the same, 
the more milk will pass through the inlet. 

3. Speed. - All modern machines have a device by whicli their 
sp(‘(*d can 1 k‘ det(‘rmin('d. Most speed indicators consist of a 
little wheel, which, when pushed up against th(‘ spindle of tlie 
separator while running, turns around and permits the calcu- 
lahon of th(‘ spewed of th(‘ s(‘parator. If the wheel on the speed- 
indicator turns 10 revolutions during ten seconds, the machine 
would turn lOOO times during the same time. During on(‘ 
minut(‘ llu‘ se])arator will run six times as many revolutions, 
or OOOO, as ivu seconds is one-sixth of a minute. Most spt'ed- 
indicators ar(‘ so adjusted as to turn one revolution for every 
100 H'volutions of the machine. The higher the speed, the 
rnon' thorough is th(‘ s(‘paration. Nearly all machines are 
l)alanc(‘d to do the best work at a certain definite speed, varying 
with different machines, and indicated in the directions for 
o])erating. It is essential that the machine should be brought 
up to speed gradually, and no milk he allowed to flow through 
it until after it has accpiired its full speed. 

During the run, all machines are likely to vary more or less 
in sp(H‘d, owing to differtmt causes. Pulleys are likely to slip 
on the shaft, and belts are likely to become loose, and thus 
caus(‘ variations in the speed. The steam pressure is likely 
to get low, and cause all of the machinery in the creamery to 
run moH' slowly. This cause, however, is not a very common 
one wiiere In^lt separators are used. If the engine has an auto- 
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matic governor on it, the speed is usually quite uniform. Where 
steam-turbine machines are used, the speed of the machine is 
more likely to vary with the different amounts of steam pressure 
on the boiler. With turbine separators it is very essential to 
keep an even steam pressure. Some turbine s(?parators have 
a safety-valve attached to prevent too high speed. 

The reason why the prevention of a variation in speed is so 
essential is that a slight variation in the speed has a (•omi)ara- 
tivcly large effect upon reducing or increasing t]i(3 centrifugal 
force. The centrifugal force ge^nerated in a machine varies 
a(*cording to the diameter of the bowl, and according to the 
speed of the machine. The greater the diameter of the bowl, 
the less speed of vc'locity is reijuired in order to get a certain 
force. The centrifugal force varies in dinau projxa-tion to tin' 
diameter of the bowl; that is, if the diameter of the bowl be 
doul)led, th(‘n at the same s})eed, the centrifugal force' has been 
doubled. The centrifugal force varies in quadratic- ])ro})ortJ('n 
to the spc'cd of the machine; that is, if tlie speeal of tlie se'pa- 
rat or is doubled, the centrifugal force is increased four times. 
From this it wilt be seen that spe'ed is a great factor in d(*ter- 
mining the c(‘ntrifugal force generated. It is not a good plan 
to liave the diameter of the bowl too large, for the following 
reasons; A large bowl is more likely to be thrown out of balance; 
it is harder to keep on the bearings; and it is heavier and more 
unhandy to handle. For these reasons it is bette'r to l('s‘-=^*n the 
diameter of the bowl and increase the speed. This, of course, 
is true only to a certain limit. 

Steadiness in Running. — KSmooth running of a separator is 
one of the firnt essentials. If a machine runs roughly, there 
will not l)e good separation, and it is dangerous to run it. The 
bowl itself is likely to jump out, or burst. Tlie cause.s for 
unsteadiness in running are many. It may be due to a bent 
or sprung spindle; the machine not standing level; cliaiiging 
covers to bowls; using clamps wliich do not fit the bowl cover; 
unclean, worn-out bearings; condition of the lx)wl, and con- 
trivances inside the lx)wl; and dented and rusty lx)wls. Occa- 
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sionally it happens that a machine is run backwards. This is 
likely to cause the cover of the bowl to run off. 

Thickneawi of Cream.— The efficiency of skimming depends 
to some extent upon the thickness of the cream skimmed. 
Mo«t separators, however, will skim within quite a wide range 
as to thickness. The richness of cream usually skimmed by 
separators is about from 25% to 50%. Most separators, how- 
ever, will do good skimming even if the cream contains as high 
as 60% fat. This, l)owever, should be considered to l)e about the 
maximum, in ord(‘r to get the best results from a separator. 

Slush in Bowl. — As has been mentioned before, there is 
always a thick, slimy substance which adheres to the bowl- 
wjill. I'he composition of s(‘parator-slime is, according to 


Fleischmami, as follows: 

Wa-U'r 67.3 

Fat 1.1 

('aseous matt(‘r 25.9 

()th(*r organic substances 2.1 

Ash 3.6 


100.0 

At tlie ccnt(‘r of the bowl, or along the axis whi(‘h runs 
perpendicular in the bowl, tliere is always c()nsiderabl(' cream. 
It is practically im])ossible to g('t all the cream out of the bowl, 
ev(‘n if it is flushed with much water. The amount of slush 
varies sona^what with the different kinds of sej)arators. For 
this n'ason, it is essential that it should l.)e taken into con- 
.sidc'ration wlam the comparative efficiency of skimming of 
diffi'nml se{)Hra.t()rs is considered. When the test extends over 
a c()mparativ(‘ly long period, and the milk skimmed amounts 
to sev('ral thousand ])oun(ls, then the bowl-slash does not affect 
the conditio]\s for conqmrative results very much; but when 
th(‘ test is short, and only a hundred pounds of milk, or a similar 
amo\mt, is .skimmed, tlieii the amount of fat left in the bowl- 
slush will have considerable influence upon deciding which one 
is the most efficient machine. 



separation of cream. 



General Remarks. — In order to keep the separator in good 
running order, it must receivo care. The belt should not be 
too tight, nor too loose. If too tight it Ls likely to bind, heat, 
and set the bearings of the separator. If too loose it is likely 
to slip, and to wear out more (,uickJy. The imu*liine should be 
well oiled. It is Ix^tter to use a tntle too much oil than not 
enough. If a bearing is once heated, tiie machine will never 
run as well again. 

The bowl should be handled with great care. Bowls, or 
parts belonging to tlu‘ bowl, can be kept from rusting by boiling 
them in water, or by stc'aming them thoroughly after tlu'y 
hav(^ been cleaned. If scaiding-hot water is use<] before tht‘ 
milky portion has been washed off, the albuminoids will be 
scalded on to such a degree that it is difficull to get tlj^sn oh. 
This a])])lies to all dairy and creaniery utcaisils. Hot water 
is said to b(' best in w!)ich to dip tin or iron-wan' aft{‘i washing 
in order to ken*]) tlumi from rusting. If tlie bowl, pail, or 
what(‘ver utensil it may be, is turned over to drain after Ix'ing 
dijipc'd in hot water, tlie heat taken up by the utensil will in a 
short time perfectly dry the apparatus. If the bowl is steamed, 
it should b(' lieal(‘d thoroughly to make it dry quickly. 

If the milk supply g(‘ts short during the run, and it is neces- 
sary to run the machine without feeding milk, then th(‘ machine 
should always be HusIkmI with luke-warm watc'r. This will, In 
a measure, prevent clogging. Scalding-hot water should never 
be used for Hushing the separator. The eream and skimiiuMl- 
milk tubes slanild b(' carefully cleaned, with tli(* special wire 
provided for that purpose, each time the machine is wfisluxl. 
The contrivances on the inside of the bowl should also be 
handle<l with care so as not to injure them in any w’ay. They 
should he treated with hot water, as fiicntioned above, in order 
to keep them from rusting. 

When the bowl is not to be used for some time, it should 
be oiled well so as to prevent it from rusting. It is easier to 
oil a separator bowl than it is to scour the rust off later on. 



- CHAPTER XII. 

FARM SEPARATORS. 

The conditions affecting the efficiency of skimming and 
the relatives amount of cream and skim-milk described under 
''(’ream(‘ry S{‘|)aration af)}>ly to farm separators as well. The 
conditions uiuhT vvhicli tlu; farm separators are operated war- 
rant a f(‘W separate remarks on this subject. 

Introduction of Farm Separators. — Small, or haml, s('para- 
tors, have been manufactured for a good many yc'ars. It is, 
however, not until comparatively reeimt y('ars that th(‘y have 
b(‘t‘n num(‘rous (‘iiough to be of comnuTcial imf)ortance. Tlie 
peof)le in the Central West (Iowa, Kansas, N(‘braska, Missouri, 
Minnesota, and Illinois) hav(‘ b('(*n most ])rrtoinent in intro- 
ducing farm separators. In the ytair 1894 hand separators 
w('re introiluced in Iowa, but it was not until 1S9S that they 
gained sufficitait foothoUl to be of commercial importance. 
According to the Iowa Dairy CommissioiH'r’s n'port of 1S9S, 
there wen* then only 904 farm se])arators in tlie state of Iowa. 
Now, in 1904, there are more tlian IT.tHK) separators, (llancing 
over tlie statistics it will be seen that the rate of increase in 
hand sejiarators during the years interv(*ning between JS9S 
and 1904 has bwn uniform and raj)id. This proves that the 
dairy business is still in a transitional f)eriod, and the intro- 
diK'tion of hand separators still on the increase. Such a time 
in any industry is always accompanied by more or less incon- 
venience*, difficulty, ami dissatisfaction. To receive a part of 
the butter-fat in the form of cream, and the other part in the 
form of milk, is undesirable. Under such a sy.stem it is always 
difficult to get milk or cream routes organized; proper sampling 
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becomes more or less difficult, and the quality ofo butter is 
harder to control. 

Reasons for Introducing Farm Separators. — It: requires an 
investment of about $100 to purchase a hand separator)* 



Fia. 77. — The Omega hand separator. 


Most of the butter made from han<I-separator cream is of ptjor 
quality. Still, in the face of this, sei)arators liave rapidly -iu 
creased. It may be concluded that there must be some g(x>d 
reasons why farmers are continuing to inve.st in farm separators. 
Tliere are undoubtedly many reasons why farmers prefer hand 
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separators; reasons which are, to a large extent, confined to 
local conditions. Only a few of the chief and general reasons can 
be given here: 

(1) The farmer is able to skim the milk at once after it 
has been drawn, thereby enabling him to feed the milk while 



Fkj. 7S, — The Towa hand separator. Fio. 79. — 11h‘ 1)(‘ Laval hand separator 

( I^ahy No. 1). 

it is in a warm, sweet, unadulterated condition. If he hauled 
th(‘ milk to the creamery, the skimmed milk would be likely 
to come back in a sour and curdled condition, and at times 
watery. (In a wdl-conducted creamery these latter conditions 
do not ('xist.) 

(2) Tlu' high cost of hauling in many instances makes it 
almost itnjiossible to get the milk to the creanuTy. Even if 
tlu‘ roads are good, the distance to the creanu'ry is fre([uently 
so gr(‘at tliat it is impossible to get haulers, nor is it practical 
for (‘Very farmer to haul hLs own milk every day. Especially 
is this so during the busy season of the year. In the fall, 
when milk is scarce, it is almost impossible for the hauler to 
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get enough milk to make It profitable. In many cases it ivS 
necessary to pay an excessive price for hauling milk. 

AMien cream routes are esf ablished instead of milk routes, 
one hauler can usually cover as much territory as three could 





Fig, 80. — Simplex hand separator and the different parts of howl. 


under the milk system. Two tliousaml iwundsof milk, testing 
4^c and containing 80 pounds of fat, would represent approx- 
imately a load of milk. At 12 eente i)er 100 pound.s, this 
would mean a cost of $2.40 for getting that much milk 
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hauled. If the same amount of butter -fat were hauled in the 
form of cream, it could be gathered for about cents per 
pound of fat, or the cost of hauling in this particular case 
would be $1.20. Under the milk system it would be neces- 
sary to haul the milk to the creamery every day, while 
un(l(‘r the cream system it is usually gathered every other 
day in the summer, and every three days in the winter. It 
is usually considered that there is a saving of about to 2 



Fia. 81 . — Sliarples separator and parts of howl. 


cents per f)ound of butter-fat in hauling, by making use of the 
cr('aiu system instead of the milk system. This, of course, 
would vary ac(‘ording to local conditions. 

d. The use of hand-separators makes farmers more inde- 
pendent than they are under the whole-milk system. They 
are not compelled to support their local creamery unless they 
deem it advisable. They can ship their cream to any place that 
they may choose. If the butter from the hand-separator cream 
is going to be of as good quality as that made by the whole- 
milk system, the cream should be delivered as often as possible. 
Every day is [)referable to every other day. In case frequent 
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delivery is made, then it becomes quite essential for the farmer 
to patronize the local creamery, as very few farmers keep suffi- 
cient cows to get enough cream to pay them to ship by rail 






Fig. 82. — The National hand separator and parts of bowl. 



every day. Usually it does not cost much more to ship a 
can full of cream than it does to ship it half or thre6-*quarter8 
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Objections to Farm Separators. — Under the present manner 
of carrying on the hand-separator system, the (quality of butter 
manufactured from the cream shi})i)ed into the central plants 
is much poorer than that made from whole milk. This is 
not due to any fault of the system, but to the poor care which 

i the s(‘parator and cream receive'. The se])a- 
rator on the farm is freejuently kept in an 
unsuitable place. Often it is located in the 
l)arn. Jf the milk is separated in such a 
])lac(‘ it will a]>sorb odors and undesirable 
taints. The cream is seldom taken care of 
prope'iiy after it is se'parated. The separators 
ofU'ii an^ not cleaned wc'll. A se'parator can- 
not be k(‘j)t in good condition by sim})ly 
flushing out the bowl with cold water at the 
end of (‘ach separation. It must be taken 
Fia.83.-— l)e Liival H})art at the close of each skimming; have all 
liand H<'i)arat()r. parts washed thoroughly in luk('-warm 

wat(‘r, and then scalded. The time and jowi'r it recpiin's to 
skim lh(‘ milk and to (*ar(' for the milk is in many instances 
consid(M(‘d ol)j(‘ctionable to the system. 

Thickness of Cream,— The thickness of cr(*am which most 


but t(*r-mak('rs at (‘('iitral plants prefiT is (‘n^am containing 
about dO to 40^^; of fat. Such cream is not thick enough 
to caus(‘ any inconvenic'iK'c in sampling and wt'ighing. It can 
b(' dihitt'd with a good starter and ripened without gc'tting it 
so thin as to produce unfavorable conditions for churning. 
Hy some it is d(*(‘m(‘(l advisable to skim ev(‘n tliicker than this, 
uj) to 50 . Cix'am containing this much fat, however, is 
dithcult to handle espe(‘ially in winter, during cold wt'ather. It 
gets so stiff that it is difficult to pour, and there is also danger 
of losing more or less cream through its adhering to the sides of 
tlu' <‘ans. 


A thick cream is advisable from tlie farmer’s standpoint. 
The thicker tlu' cream is, the more skim-milk he will retain 
on the tarm for fet'ding purposes. It can also readily be seen 
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that if thin cream is skimmed gn^ater can capacity is necessary, 
and th(' express charges will he heavk'r than if tlu‘ tliick(T 
cream skimmed. Hich cream does not sour so rapidly 

as does tliiii cream. 





154 


BUTTERMAKING. 


can be had for about $8.00 from any creamery supply-house. 
Jly the use of such a test, the farmer can test his cream and 



Fiti. SO. — Peerless hand separator and cross-se(‘tion of bowl, 
skinnnod milk, lie can also test the milk of ('ach individual 
cow in tlu* herd, thereby ascertaining whiclrones are ])rofitable. 



FlO. 87. — Agos hand tester. 

By ihe use of such % test on the farm, t\ie farmer can test his 
cream tlaily, and coiiipare results with those from the* creamery^ 
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thereby enabling him to detect any mistake which may happen 
at the creamery. 

Power for Farm Separators.— ITand-powei is often inen- 



tioiKMl as an objcrtion to farm separators. When a eoiisidia'able 
quantity of milk is to be skimmed, it is certainly hard work 
to skim witli hand-fiower. Windmills could not well be us(‘d 



Fig. 90. - -Tread-power attached to United States hand separator. 


as they do not give uniform sjieed. The power must lx* steady 
and uniform. Farm sejiarators are oftin^i run with tread- 
pow(*r. This kind of |K)wer is very apt)licable, and does not cost 
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Fio. 91 . — Showinp; the heij^ht to which cream free from air-bubbles must be 
raistnl in a pi^xjtte to get IS grams of cream. It shows that to measure 
crt'uin in a pij)ette is inaccurate in cream testing. (Iowa State Dairy 
I'oni. He{K)rt, 19<)3.) 
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anything after the tread-power has once been purchascHl. The 
power can be supplied by using different kinds of animals. 



T'k.' 02.- Sliowing how the internal bowl <loviee.s of Westphalia hand sepa- 
rator an* \N ashed. (N. Y. fVoduce Hevi(*w and .Ainerifain (’n‘anierv ) 

SluH'j), goals, dogs, and hulls an^ used for this purpose. The 
proet^ss ii>ually does not last v(‘rv long, and it is not consider(‘d 
heavy work. Steam is good ])o\v(t, hut 
it is hardly (‘vi r ohtainahU* on tlie farm. 

Small gasoline-iaigines an' also \ised very 
sueeessfully. 

The machine should always run smoothly 
in order to g(*t (drici(U]t skinimirig. It should 
nev(*r In' ,stopf)e<l and started with a jerk. 
vStart it slowly and there will he less dan- 
g(T of }>reaking any of th^ gearing i)arts. 

Tli(‘ l)owl and inside part^ should h(‘ k('f)t 
from rusting as tleserih(*d })n’vif)usly on 
})age 145. Th(‘ hearings .should he well 
oiled. It is a good plan tf) liave an extra 
b(‘aring (»r two on hand, so tfial if ojw ha))pens to w(‘ar 



Fia. 93. 


I )avi8 hand 
Ht'pural <>r. 
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oat another one can be put in. The bearings should be 
cleaned at intervals. When kerosene is occasionally used on 
the beai’ings tliey do not need to be cleaned so often, because 



lou. on — in the battered condition of the can on left and 
with tin off in many places inside, cannot he kt'pt clean and should be 
discarded. ( Kansas State Hoard of Aj»;rii’u)ture He}^H)rt No. S7, 1903.) 


it kei'ps tlu'm from guinining. The machine should be turned 
at th(' propt'r s})eed, as indicated in tin* directions. A thicker 
ci‘('am will result from raf)id turning; consecjiuaitly more 
."kmmKHl milk will be obtained. Slow turning causes ineffi- 
enmt .skimming and thinner ere^am. 

Care of Cream on the Farm. — The first step in tli(‘ produc- 
tion of good ereatu is clean milking. This can only be accom- 
plislietl wh(‘n barn, cows, and utensils are clean. It is a good 



IiG, 95. - Cleaning cows' u<l<Ier^ l«efore milking. (Hul. H4, UK} 
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plan to dampen a cloth, and wipe off the cow’s udder and sides 
each time previous to milking. The milker should never 
wet his hands while milking. Dust should not be stirred up 
in the barn during milking, as the dust particles carry with 
them a large number of undesirable germs. WTien these .settle 
in milk they are likely to produce taints. If cloth strainers 
are used they should be kept scrupulously clean. It is advis- 
able not to use them at all, as good sanitary wire-gauze strainers 
are inexpensive. 



Fia. 0(). — Slumiiifr tlu‘ offeot of cooling niilk on the growth of bacteria. The 
b(‘ncficial n'Milts of early chillin'i; ao' readily a])parent. (From Bui. 02, 
Win.) 

If these eontlitions are complied with, and the separator 
is k('pl in a good clean (*ondition, the milk will have compara- 
tively few gt'rms in it. Some geriiLS, however, will enter the 
milk, and in order to keep them from developing, it is essential 
to eool tlie cream or milk immediately. Ltnv temperature 
retards and jiractically prevents the development of germ life. 
It is a well-known fact that when milk is kept cool, it will 
rtwiiam sweed much longer than if kejit at a liigli temperature. 
Ni'ver mix two milkings or skimmings unless both are well 
cooled first. In order to cool cream 4ui(‘kly, it should be 
stirred during cooling. The ordinary four-gallon shot-gun cans 
are good and .'Suitable for keeping milk and cream. Tliey have 
a larg(' moling surface in proportion to their cubical (*ontent. 



FARM separators. 


161 


The milk or cream should be cooled as low as the water will 
cool it. It is well to cool il even lower than this if ice is ob- 
tainable. In keeping milk, the temperature sliould never go 



Fig. 97.~The condition of the cow Khown in this cut is favorable for the 
accumulation of kxj.^c dirt. (Hul. S4, 111.) 


abov(‘ F. CVtollng to 50^" F., if it can be accomplished, is 
much more desirabk^ for k(‘eping milk or crt^ain in good condi- 
tion. 




Fig. 98. — A clean cow. The dirt cannot adhere to this cow to so great an 
extent as to the one showTi in Fig. 97. (Hul. 84, 111.) 

Tiinkliig;, such as a chum and butter-worker. There .should be 
j>I('i\ty of windows on all sides to give good ventilation. The 
water-tank should be connected directly with the well, so that 




Fia ‘M). - A siinitary (Jairy i.arn < ’enunii -ides %\ hitew a'^hed. ueli lighted, aud .provided with a good 

eystem of veotilation Extenor t^houn in Eig. (^Kejxjrt of Kaiiba* State Board of .Sericulture, No, S7. 



iieai i[)arativ€ly cheap dairy harn. Sil in rtion on left, cow-stable on righ' nterio 
1 Fig. 1)9. (Report of' Kansas Sta Boi of Agriculture, No. 87, 1903.) 



Fig. 101. A cle^n, well-grade^l yard, covered with six inches of cinders, (Bui. 92, Ill.l 




Fig. lOJ. An ungraded yard in which the manure is avowed to accumulate. (Bui. 92. Ill.’i 
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the water can be pumped directly to the tank holding the milk 
and cream. From this place the water can be run out into- 
the stock-tank. Tliis arrangement allows the milk to bo kept 
at the lowest possible temiterature. 

It is just as essential to cool the milk during the winter 
as it is during the summer. By pumping water through this tank 
})ractically all the time, the water in the tan!; will be lej)! I'roiii 
freezing. It is well to keep the surface of the water higher 



I'B-, 103. — The average weight of dirt which fiillH from mimdy udders dor* 
ing milking is ninety times as grtjat as that which falls from tht* same 
udder after wasliing, and when udders are slightly soiltal it is twenty- 
tw'o times as gi-eat, (Bui. S J, 111.) 

tliiin th(' surface of the milk in the can. This will prever tlie 
milk from frcnizing so easily. If (lie cold is too severe, a laiik- 
liealer can easily be secured which will moderate the ItMii- 
fHoatun' a trifle. 

Disposition of the Cream. — Tliere are two ways of disposing 
of cream on the farm; (1) selling it to creatiuaicks or other 
parties, and (2) making it into butter on the farm. The former 
method is usually the most advantageous. Creameries, as a 
ruUh are better eejuipped to control the quality of butter. The 
price }KT pound of l)iitter~fat is usually about 2 cents below 
“New ^Virk ICxtras.'" A few of the best cfM)perative cream- 
eries are able to T)ay more than that. 






Fig. 104. — Milk- liiiti cn^am-can-- at the railway station. (Hul. 92, 111.) 168 
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Shipping of Cream. — If cream is sent or shipped to cream- 
eries and central plants, it is essential that it l>e delivered as 
frecjuently iis possible, and that it be delivered in cans which 
will help k(H'p it in good condition. If cream is to be shipped 
any great distance and be exposed to the sun, it is advisable to 
use sjx'cial jacketed cans, wliicli retard the iranstnission of 
lieat. It is a gr)od plan to cover the - ans with a wet sack 
or cloth during the summer, and the use of a dry sack on 



I 'lCi. 105. — The Buhl milk and cream can. Fju. 100. — A barrel churn. 

th(‘ outside in the winter often prevents the cream from 
fnrzing. 

Making Butter on the Farm. — If cream is kept in good 
condition and proper skill is applied, the bast of butter can 
be made on the farm. Theoretically, Ixitter butter can b(‘ 
made on the farm than at the creamery, Iiecause all conditions 
can be controlled better. This is not so in creameries. One 
(‘an of bad cream mixed with a quantity (jf good cream is likely 
to contaminate and injure the whole lot. The cream which 
is to be made into butter on the farm should be ripenexl, or 
soured, properly before it is churned. In crefuneries, starters 
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The next morning it is ready for ehurning. In the winter the 
cream can he soured h\ warming!: it up or kci^piiip; it in a warm 
])lace. If some ^>:ood sour milk is on hand, it mi^ht he added, 
and the cream will sour much (juick(T. It is 'vcry essential that 
the cream can he cooled tu a low tem})eratu»‘e (dO® I\) and left 



Wit!' u^itulnr. 


at tlii.^ tain|)oniliii*‘ for at least two hours Ix'forc it is churnw]; 
(,lh. nvisc tho butter is likely h- K'('asy and salvy. (k)lor 
and salt to suit the market and season. About three-fourtlis 
to one ouneo of salt to one i-ound of butter usually Kiv<-s good 
results. 

If a local trade can he secured, it is not necessary to pack 
it into tubs. Karthen jars are good to keep butter in. If no 
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local trade caxi be secured, and it is essential to ship the butter, 
20- or 30-pound tubs should be used. If a good quality and 
constant supply of butter can be secured throughout the whole 
year, it is an easy matter to find an excellent market for butter 
at hotels or good restaurants. (For a more detailed discus- 
sion of butter-making, see Chaps. XVI and XVII.) Putting up 
butter in prints and wrapping them in })arehment paper which 
bears tin; maker’s name usually increases its value. 



CHAPTER XTTI. 


PASTEU RIZATION. 

Definition. — The word pasPnirization iins its derivation from 
l^isteui-. a French scientist. Pasteurization consists in heat- 
ing milk soDK'wliere bed ween ] UP F. and 2J2>F. This kills 
practically all germs in a v(^getaiive state. Since most of thian 
are in a vegedative condition, the process kills almost all iiie 
organisms. The luaiting is follow(‘<l by rapid (*v>oling. ‘bSti'rili- 
zation'^ is a woi'd wlocli is some times uscal incorretdly in on- 
nectiou witli ])asteurization. Sterilization means that milk or 
any other substance' has bea'ii heate'd so ofh'ii or to such a higli 
tcMuperatun* as to (‘iitin'ly destroy (‘very living micro-organism 
pre'sent. In order to g(‘t a substanea' thoroughly sl(‘riliz(‘d 
without iu'atmg undor pr(‘ssure, it i- (‘ssential that it b(‘ lu'atc'd 
■ibout thirty iiunut(\s on each of three or more' succ(‘ssiv(' days. 
Paste'urization in the dairy industry was introdu(‘(‘d by Pro- 
fessor S torch of the Royal Experiment Station, Co])enhag(‘n, 
fVnmark. 

Methods of Pasteurization. — 

(1) Intermiit(‘nt. 

(2) Coniinuous. 

1. Tnt(‘rrTiittent past(‘urization is usually accompli sh(*d in 
val.'^or cans. It is u.sed nearly exclu.sivcly when pasteurization 
is practiced on a small scale*, such as preparation of starters 
in creauK'ries, pasteurizing cream and milk on the farm, etc. 
Intermittent pasteurization is as eflicient, and undoubtedly more 
so, than the coniinuous method. The substance pasteurized 
is usually exposi'd to the high temperature a longer time than 
it would be by the mterSKISair system. In the conUnuuus 
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method of pasteurization the substance pasteurized is exposed 
only to a sudden temporary heat. 

Tlie intermittent process of pasteurization tends to drive 
off more of tlie undesirable taints present in the milk or cream. 
This is es[)(‘cially true when stirred occasionally. If heated too 
long th(* cooked flavor is likely to be more pronounced than 
when tlie intermittent system is used. If exposed very long 



to the high temperature and stirnnl exce\ssively during the 
inti'rmittent pastcnirization, the butter-fat tends to melt and 
run together, and show itself on the top of the cream in the 
form of an oily layer. 

2. The continuous method of pasteurization is more practical 
for large amounts of milk or cream. It is used almost without 
exception in pasteurizing cnwn, whole milk, and skim-milk 
at creameries. Neither one of the two systems destroys spores. 
The intermittent system is the most effective because both 
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time and temperature are under control. Various pasteuriz- 
ing machine's are in use, and it is not within tlie ])rovinee of 
this work to recommend any machine. A few words in n'ganl 
to tlie principles which alTect pn^per ])asteun/ Uion will serve 
a better {)urpos(‘. 


Si.LKlTIOX OF kASTKnOZi.US. 

Imj)ro}KT pasteurization is woi-sc' lhan none at all. If 
past(‘urization is done at all, it is essemtial tliat it be properly 
a(‘C()fiip]ishe(l. 

'riu're are two things to be sought wlicn purchasing ;i pas- 
teurizer; viz., (1) durability and capacity, and (2, economic 
eliicieiicv. 

1. Durability and Capacity. — I'he structiu-e of most jitis- 
tiMirizing machines is sjm])le and substantial. They Jo not 
wear out like a compi('\ jiiei'C of macliinerv. It is essc^ntial 
that th(' machine be strongly made. Ih'ating-walls and other 
})ortions should be made heavy enough to b(‘ (onsistent with 
its use, and of a substance which will conduct heat rapidly. 
Xearlyall the tvjiesof pasteurizers are made in different size's 

Miit the (l(‘mands. 

2. Economic E^ciency. —Obtaining (dlii'icnt pasteurization 
(‘conomically is tlie most important (|U(‘'-t ion. It is imjiortant 
ill this connection because it depends u])on so many conditions 
whicli th(' operator has under control. d1i(‘ dc'grcc of con- 
diK'livit}' of lu'aling-surfacc during ojx'rat ion, may in one sense 
in(*lud(‘ niost of the es.sential factors which affect ])a.sl(‘urization. 
This in turn depends up(ai a number of conditions wiiich are as 
follows ; 

M ' Kind 'of material from which the lu'ating-surfaee is 
mannfact lin'd, 

(2) Degn'e of adhesivc'iK'ss of milk or cri'am on heating- 
surface. 

(3) Tliickness of layer of condensi'd steam, on steam side of 
heating-surface. 

(4) Difference in temperature on each side of heating-surface. 
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(0) Troper utilization of steam turned into the pasteurizer. 

(1) Heating-surface. — It is a well known fact that some 
metals will conduct heat’ better than others. The relative heat 
conductivity of the two substances used chiefly for pasteurizers, 
viz , copper and tin, is .918 and .145 respectively. This 
means that copp(‘r will conduct heat nearly seven times faster 
than tin of the same tliickness. 



In eoniu'ctioii with this it sliould be mentioned that sta])ility 
and durability of the substance must also be taken into con- 
sideration. A heating-surface made from copper may be nearly 
s(‘ven tiuu‘s us thick as that made fiom tin, and still traiLsmit 
as mucii heat as the tin surface. From this it can be seen that 
a lieating wall made from copper can be increased slightly in 
thickness, and thus aid in stability, without aflecting the degree 
of lunit conductivity of the wall very much. The heating- 
surface must be strong enough to withstand a slight steam pres- 
sim.', otherwise the heating wall is likely to collapse or cave 
in in case of slight variation in the steam pressure. It is not 
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an uncommon occurrence to have the heating wall of a pasteur- 
izer burst. This could be prevented by connecting a siifety, or 
pressure, valve, to the pasteurizer. 

(2) Degree of Adhesiveness.- due to either 

deft'cts in the metal itself, or to milk or cream In ing burned 
on the heating-surface, is a serious defect, c^uch a condition 



117. — The Simplex regenerative pastcairizer (apart). 

causes jiarticles of milk or cream to mov(‘ v(tv slowly over the 
hea(ing-'-urfac(‘; it lends to roll in nuK'h t}u‘ same way as 
dro})s of li(|uids do when caused to ti(Av over a slanting dry 
rough surface. As a consiapumct' mor(‘ and more casein will 
adhere, "ilie thiekcT the layei of fonsgn matter is on the 
heating-surface, the great(*r tlu' ditticulty in getting the greatest 
efhcicaicy from the pastimrizer. 

It is iinj)ortant that the milk or cream be forced over the 
heating-surface with greaUT rajiidity than could result from 
its owui gravity. On heaters or pasteurizers, w'here milk flows 
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over the heating-surface only by force of its own gravity, 
heavy layer of curd usually adheres. This is due to the fac 
that certain portions of the milk are exposed to the excessiv 
heating too long, while if caused to move rapidly it does no 
remain in contact with one portion of the heating-surface Ion, 
enough to cause it to adhere to so great an extent. 



Vkj. 11 S- — Tlie Simplex regenerative pasteurizer (assembled). 

The condition of the milk or enmm has some influence upon 
tlu‘ dt'gree of adhesiveness of cunl on the liea ting-surf ace. 
Sour and coagulated milk iidheres or burns on to a greater 
extiuit than does milk or cmim in good condition. This is 
('vid('iitly due to the lesser fluidity of the sour riiilk, and, as a 
(‘onse^uence, it does not move over the heating-surface so 
rapidly, and therefore burns on. !Milk winch contains a great 
deal of air or scum also adheres to the heating-surface much 



PASTEURIZA TIDE. 


179 


more readily than milk containing less air. If pumps are i:s(‘d 
for pum})ing the milk, it is well to admit as little air into the 
milk as possible. 'Ibis can be acco'opiished by keeping plenty 
of milk in th(^ tank vvbucli feeds the pmnj), or by having a float 
vvliich will close tlu* inlet to i)u‘ pasteurizer as so n) as the tank 
is emptied. If the sj)eed of the agitator in the [)asteurizer 
is great enough, the scum is forced tow aids the center. For 



119. — The ,lon.scn pasteurizer. 


some time it was thought that only th(‘ In^st sweet milk could 
be ]>asteuriz(Hl by th(‘ int(‘rmitt(‘nt proc(‘ss of |)asteurization. 
It is wvll known that when a sampl(‘ of milk r(‘ach(‘s a certain 
degree? of acidity it coagulates upon legating. It w^as thought 
that by the continuous rrjethod of jtasteurization this would 
interfere with getting proper results. Kxp(Tim(*nl, how'(^v(‘r, 
shows that the coagulated sour cream and milk can be suc- 
cessfully pasteurized, but it is still a fact that the better con- 
dition the nnlk or cream is in, the easier it can tx* pasteurized 
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and th(‘ bettor the results are. If pasteurization is not prop- 
erly eondueted, often the sour milk and cream coagulate and 
get very lumpy. This takes jdace chiefly when jmsteurization 
-s attempted at a comparatively low temperature, at a slow 
rate of speed of the agitator in the pasteurizer, and when there 
is a))out from .8% to acidity in the cream or milk. Sour 
thin crcaim — less than 28^^ fat — does not past('urize successfully. 

In case there is any danger of sliniiness taking jdace during 
[)ast(‘urization, the heat should Ix' a])])lied as (piickly as ])ossil)le. 

Only a thin layer of cream 
should be (‘xj)osed to the 
heating-surface at one time. 
Idashy, (juick heat tcmds to 
pr(‘V('nt this slimy condition. 
'J'h(‘ sjK'cd of the stirrer should 
b(‘ incr(‘as(‘d, if possibles wlu'u 
su(*h (*r(‘am is l)(*ing ])ast(air- 
iz(‘d. 

ity gu‘asing the inside of 
th(‘ pasteurizer, or the heat- 
mo past ourizfT ing-surface, a trifle ])r(‘vious 

to pasteurization, tludairning- 
on ran be ])rev(‘iit(‘d in ])art. The casami that adheres can 
be mor(' (*asily j('mov(‘d tlian if no gr('as(‘ W(‘i(‘ used. 

Cl) Thickness oj Laj/cr oj Condensed S/eaw. At first glance 
one mig]\t come to tlu' conclusion that the small amount of 
st(‘am whicli is constantly btdng condens(‘d u])on and adhc'ring 
to th(‘ st(aun side of the heating-surfac(' is not suflicuMit to 
caus(' any ditTerence in the efficiency of th(‘ pasttmrizer. Kx- 
p(‘riments conducted by Dr. Storch of tlie Royal ]v\])(‘riment 
Station, (\)jH‘nhagen, Denmark, show (hat this condensed steam 
greatly resists the transmittance of heat. The comparative 
luait conductivity of water and copp(‘r is .0010 and .9 respec- 
tively, as found by Dr. Storch. It will thus be seen that copper 
is ()9b times as good a conductor of lieat as water is. This would 
UK'an that a (piiet layea* of water 3 millimeters in thickness 
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would have the same resistance to heat as a layer of cop[)er 
2 meters in thickness. Consequently a very diiii layer of water 
or condensed steam on the sides of the heating-wall W(>uld 
greatly interfere witli the economic efliciency of a pasteurizer. 

In order to overcome this difhculty drip-rings were circled 
round the drum of the ])asteurizer at interval > on tl^e steam side 
of the heating-surface. The first rings put amaiid the pa.steurizer 
w('re‘ narrow smooth hands. These did luA g*n-(‘ entire .satisfac- 
tion, as the condensed water from tlu* top rings would drip o]i 
the edg(‘ of the lowe]- ones, and cause the water to splatter over 
tilt' of ilu‘ h(‘ating-wall. Another kind of ring was then in- 
\(*nt('(l, ^^ilich 
was (hill, nai*- 
1 - 0 w , and saw- 
t('('th-lik(' in 
<}iap(‘. Th(‘S(‘ 

I’iiiirs wt'rt' fast - 
(‘iK'd to tli(‘ 
lu'at iiig-wall at 
projx*)’ intt'i- 
valsat an angh' 
of 4rc. i4i(‘ 

rings W(M'e so 
a I ranged that 

(he drops of condensed water i‘.<caping from the end of (xaci' aw' 
n>otli wanild fall in th(‘ liollow^ Ix'twt't'n the' tet'th in lh(‘ lowt'r i iiigs 
and thus prevt'iit any splat((‘ring of the wait(‘i against th(' h(‘ating- 
w all. These eoiitrivanees gr<‘at ly inenaist < I tia' (*tli(a(‘n(*y ~ as high 
as hS^h; and tlie capacity oi tlu‘ jtastt'urizia* (‘xp(‘rmient(‘d upon. 

( 4 ; Difference in Ton jurat iirc an Kae!i Side of the Heaftiaj- 
surjai'f . Th(' difft'nmcc in the ttanperature on mch sidt* of the 
heating-surface has a grcait (4Tec( upon tlu' rapidity with which 
the h(‘at })a.s.^(‘s through th(* wall. The low’cr the t(an}>eratur(' 
is on the milk side the more rapidly does the heat pass through; 
and the higiier the temixTature of the milk is, the f)ressure on 
the steam side lx‘ing the same, the more slowly the lieat j)as.ses 
through the heating-wail. This wcjuld at first lead us to lx,*- 
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lieve that the last few def!;rees the milk is being heated are the 
most expensive; but if the steam is properly guarded from 
being condensed, or wasted, it does not cost any iiiore to heat 
the milk the last few degrees than it does to heat the first degrees. 
While the temperature on the milk side is low, much more 
steam is consumed, and it is also used more rapidly. During 
the last heating of the milk or cream less steam is being con- 
densed and the condensing proceeds more slowly. 

When the temperature on the steam side is 220° F. and on 
the milk side is 40° F. during the same time, twice as much 
heat will i)ass through the heating wall as if the teni})erature 
of the milk sid(‘ were 130° F. In the first case the difference 
in ten\p(‘rature on both sides would be: 220 40 180° F. In 

the second instance it would be: 220-130 00°. V. 

(5) Proper Utilization of Steam Turned into the Pasteurizer. 
~ Th(* cost of j)asteurization will evidc'ntly vary und(‘r dilh'nmt 
conditions and with ditTer(‘nt kinds of ])asleurizers. In order 
to reduce the cost of pasteurization to the minimum, it is 
essential that all stc'arn turned into the pasteurizer })e properly 
utilizi'd. The pasteurizcT, as well as the steam-pipes, should 
b(‘ prop(‘rly insulatcMl in order to prevent unnecessary conden- 
sation of steam. According to experiments carried on by 
Dr. Storch, all stc'jnn contains more or less air. By making 
a d(‘vice on the pasteurizer for the escape of this air better 
results w(Te obtained. By the use of such a vent it was made 
])ossible to heat 18‘l() pounds of wat(‘r from 52° F. to 185° F., 
while without this air device*, and with the same amount of 
heat, only 141)7 pounds of water were heated. That is, by 
this device lu* made a gain of in the heating efficiency 

of the pasteurizer. The contrivance used was simply a pijx* 
attached to the bottom of the j)tasteurizer and extending down 
b(‘low the pasteurizer about 2 feet, then turniul or bent, and 
brought up vertically a few inches above the bottom of the 
pastf'urizer. The mouth of the j)ipe was then turned over 
This pi|)e accomplishes two puqx)vses. It removes condensed 
water from the pasteurizer, and also the accumulated air. It 



PASTEURIZATION, 


183 


is also essential tliat the pasteurizer should not leak. All the 
steam turned into the pasteurizer should he condensed before it 
is allowed to escape. 

The Cost of Pasteurization. — Dr. Storeh in lii.s 43i-d report of 
the Royal Agricultural liixperiment Station, ai Oo})euhagen. 
Denmark, reports that it requires 80 pounds of steam to heat 
1000 Danish pounds of milk from 40° C. to 80° C. Tins would 
be equivalent under American conditions to about 00 pounds of 
steam to pasteurize 1000 pounds of milk from 00° le to 185° F. 

According to good authority it takes 1 i)(>imd of lump coal 
to j)roduce 0 pounds of steam. Calculating from this, it will 
take Id ])ounds of coal to produce 00 ])oun(ls of steam. If 
<H,al costs $4.00 per ton, the cost of 15 pounds of coal would 
be 3 cents. If tlie milk tests 3,()^\^ fat, and calculated on 
on(‘-sixth ov(M*i‘un, I lie 1000 j)()unds of milk would poxluce 
about A'2 ]K)unds of butter. The cost of pasteurizing tin' milk 
})roducing 42 ])ounds of butter is then 3 cemts, and the cost 
of j)ast(‘urization ])er pound of butter would be .07 of a cent. 

Taking into consideration th(‘ cost of cooling, and counting 
on about .03 of a cemt for l(‘aks in\^<^)lved during the process, 
the cost of pasteurizing ]>er ])ound of buttiT would be about 
4. of a cent. As a rule, the major portion of thccoolingis doia* 
with water, which at most cr(‘ameri(‘s costs little or nolliing. 
ter this H'ason tin' cost of cooling has becui oniitt(‘d. 

Advancement of Pasteurization. — During tlu* last few y(‘ars 
pasPairization has gaiiaal favor with the American creauK'ry 
ojM rators. It has lx*en thoroughly demonstrated that if the b(‘st 
product is to be manufactured it is ab.solut(‘ly essential that th(^ 
opiTator liave complete control of tla* fermentations in llu^ 
cmam or milk. Idiis control of the fermentation can best Ix' 
accomplished by the process of jiasleunzation. I’asteurization 
has been gaining favor with the creamery ojXTators owing to 
its own merits. The Danish (iovernmeiit coni{>elled the j)as- 
teurization of milk or cream as a safeguard against tulxTCulosis. 
It was found not only that the system was (efficient in this 
resjK'ct, but also that it prcxluced a more uniform [)ro<iuct, wdth 
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better keeping qualities. At the present time nearly all of the 
central plants are pasteurizing their cream to a greater or less 
extent. 

Advantages of Pasteurization. — The advantages of pasteur- 
ization are many, but the chief ones are as follows : 

(1) It enables the butter-maker to produce a uniform 
quality of butter. If most of the germs are destroyed by 
pasteurization, and a pure culture added to the cream, the 
ferments added will be in full control. If nothing but a desir- 
able kind of germ is added, it follows that the product will be 
uniform in (piality In this way practically the same results 
can be obtairu'd from day to day. 

(2) It eliminates many of the undesirable taints in the milk. 
Ilspecially is this effect noticeable during the fall, when cows 
are liable to cat weeds that taint the milk. No matter how 
well milk has been taken care of, it usually contains taints 
which, when j)asteurized will be partially eliminated from the 
milk. 

(3) It destroys most of the germs. This is important 
for two reasons. It destroys most of the germs which effect 
the quality of the butter, and it also destroys the pathogenic 
gc'rms, thus preventing the spread of diseases, such as tuber- 
culosis, typhoid fever, etc. 

(4) The butler-maker can control the fermentation in cream 
much more easily when pasteurization is employed. It has 
Ix'on demonstrated that the (juality of the butter depends 
in large mciisurc ui>on the kind of fermentation. When the 
fermentation in the cream is thoroughly controlled, a better 
(|uality of butter can lx? prcxluced. When the milk is in first- 
chuss condition, fully as gmxl butter can be produced without 
the use of pasteurization, l)ut it does not keep so well. Milk 
may appear to be in good condition, and yet at the same time 
contain germs which are detrimentsd to the quality of the 
butter. 

It is at the present time a matter of dispute whether milk 
and cream in a really sour and poor condition is benefited 
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much by pasteurization. The flavor of the butter made from 
such pasteurized cream Ls usually not improved very much. 
However, the keeping quality of butter made from poor cream 
pasteurized is usually better than if no {pasteurization had been 
employed. If the inferior quality of cream and milk can Ixi 
pasteurized, neutralized with an alkali, such 'xs {^KPwdered chalk 
or bicarbonate of soda, then inoculated with a desirable s|>eeies 
of bacteria ancl re- ripened, the quality of butter can be im- 
proved sev(*ral points. Rut experiments ^‘arried on at the 
Iowa Kxp{Timent Station indicate thai the im{)rovement in the 
({uality of butter is not very permanent. Tiumediately after it 
has been made there is a very distinct inqjrovement in the 
quality of the butter from such cream, sometimes as miu‘h as 
five {Points. Rut for some reason butter from cn‘am that luus 
b(‘en neutralized in such a way does not seem to kee{) well. 
S(yne days after its manufacture it begins to lose decidedly in 
flavor and to assume a very rank condition. For this reason 
this uK'thod of treating {poor (‘ream has not been generally 
advocat('d. The deterioration that takes {)lace in such butter 
aft(‘r standing seems to Ipe due to chemical changes ratla'r 
than to bicplogical changes. The butter referrenl to was k(*|)t 
in a refrigerator at a temperature of about TptP F. ; if the rancid 
flap’ors wei'c due to the growtli of micro-organisms, they should 
not reveal themselves in so short a time. 

(o) Pasteurization increases the ke(‘|)ing (juality of butter. 
This is one of the greatest advantages of employing pasteuriza- 
tioti in butter-making. The advantage of kee{)ing butt(*r from 
the time of large supply and small {Prices to the tini(‘ of small 
su{>{)ly and higher {Prices, makes pasteurization in butter-making 
of vital im{Portance in improving the keeping (pialities of butter. 
Rutter made from good pasteurized cream and washed in {pas- 
teuriznl water will keep alpout twice as long as butter made 
from the same kind of cream not pasteurized and washed in 
un{)asteurizcd water. 

(6) If milk is pasteurized pnwious to skimming, clostT 
skiimning can be obtained than if the milk were heated to a 



186 


BUTTER-MAKING, 


comparatively low temperature. The reason for this has been 
previously explained. 

Disadvantages of Pasteurization. — The cost and additional 
trouble involved in pasteurizing are undoubtedly the chief 
disadvantages that could be brought up against pasteurization. 
As was calculated above, the cost of pasteurization, after the 
pasteurizer has once been purchased, is only .1 of a cent per 
pound of butter. This cost would be nnluced considerably 
if th(i cream only were pasteurized, and increased if the cream 
and skim-milk were pasteurized in separate macliines. The 



Fici, I‘J1. — (’oinparison of deterioration of butter made from pasteurized 
er(‘aiH and u ater to (hat made from unpasteurized cream and 
A\ater, illus(rat(‘d graplu<*ally. (Ibil. 71, Iowa.) 

initial cost of the paslimrizer is the great mountain to over- 
conu' in tlu' introduction of past(‘urization in creameries. 

When pasteurization is employed in ))utter-making, it is 
al)solu((‘ly essential that the greatest degree of skill and in- 
t(‘llig(‘nce b(‘ applied. If care is not taken pasteurization is 
lik(‘ly to |)roduce a poorer (juality of butter than is the case 
wlu'ii no pasteurizatio!! is employed. Jvspecially is this true 
wluai sour or abnormal cream and milk are being pasteurized, 
and little or no starter is used. 



CHAPTER XTV. 

CREAM-UIPEXING 

Definition. — By croani-ripeninf^ we ineaii the treatment 
{‘ream r(‘(‘<aves from the time it is put into the ripi'ning-vat 
until it is put into the cl>urn; and also the (‘hemieal, lm)l()p:ieal, 
and physical changes cream undiTgoes during the same time. 


OH.n;rTs OF RirKNiN(n 

(i) To Produce Flavor and Aroma.— Th(‘ chief object of 
cr(‘am-ripening is to secure the (h'sirable ami delicate' flavor 
and aroma which are so characteristic of good butter. Tlu'se 
flavoring substance's, so far as known, can only Ix' produced by a 
])i*oc('ss of fermc'ntatiem. It is awe'll known fact that the' 
fla\or in buth'r is obtained when the cream assunu's a clean, 
])un‘, acid taste (hiring the' ripe'iiing. For this re'ason, it is 
(‘sseaitial to have the acid-f)roducing germs ])r('dominate during 
the cream ripening; ail other germs should if ])ossible be 
excluded or su[)])ressed. 

It has not yet Ik'cii prove'd that any one particular species 
of bacte'ria is responsible for the jmiduction of the flavors, but it 
is agre e'd by all that the flavoring substance's el(‘veloi)ed during 
the ripening of cream are decom[)()sition products of bacterial 
growth, and that the types j)roducing the' lactic acid are the 
most elesirable ones to have* pie'sent. There are a great many 
bacteria in milk and en'am w'hich will produce acid. Over one 
huneired species have be'en stuelieel anel eh'serihod. There seems, 
however, to be a comparatively few e>f those which proelucc 
the best results. 


187 



188 


butter-making. 


It seems that during cream-ripening the development of 
acid, aroma, and flavor go hand in hand. This does not neces- 
sarily indicate that they are produced by the same cause. It 
i.s possible tliat the flavor and aroma substances are chemically 
produced from the various by-products of the germs. 

Bact('riologists do not agree as to what spc(;ies of bacteria 
is responsitile for the high quality of flavor and aroma of butter. 
Conn * claims that the germs which act upon the nitrogenous 



Fig. 122. “The McAroavy cream- Fig. 123. — The Miller (Team-ri|x;iiiiig 
rijH-ning vat. vat. 


matter of milk are associated with the lactic-acid-produciiig 
bacteria in tlie jiroductiori of desirable butter flavors. Weig- 
man ass(*rts that the best results are obtained when a variety 
of speei(‘s work together in the crciam. ile has isolated a single 
sjx'cies of germ wliich produced alcohol and lactic acid as 
by-products, and which, according to ex])erimental evidence 
deduced by him, is capable of producing the delicate butter 
flavors. Freudenrich has also studied a species of germ which 
produced alcohol and lactic acid as by-products, and was able 
to produce the characteristic butter flavoi’s. Fx*kles has studied 
this question of flavor production during cream-ripening. lie 
comes to the conclusion that the flavor and aroma substances 
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developed during creani-ripeiiing may be produced by a variety 
of acid-producing bacteria. He aisserljji that of the species 
tried the most common milk-souring organism (Bacterium lac- 
iarii) gave the most satisfactory results as a culture* for ripen- 
ing cream. Storch, who has perhaps studied tills question 
more than any one else, maintains that the germs producing 
lactic acid are essential to good cream -ripening, and that the 
llavor and aroma products are the results of the joint action of 
a great many species of lactic-acid-pniducing germs. Tieniann ♦ 
finds that an addition of a small amount of hyd»’ochloric acid 
to ili(* cream does not produce tlie charact(*ristic flavor, and in- 



Fig. 124. -The Wizard creain-rifXiTiing vat. 


dicates that tlu* process of fermentation is necessary to get 
the profier flavors. Dean, of the Ontario Agricultural College, 
has recently re'ported that the flavoring substances can be 
d< veloped in the starter, then added to the cr(‘ani. The re- 
sulting })utter has as gooel or a trifle better flavor than that 
which undergoes a ])rocess of fermentation liy riinming in tlie 
usual way. 

From the inv(\stigations quoted alxive it will l)C seem tliat 
then* is some doubt yet as to the sjiecific origin of the flavor 
and aroma substances developx'd during cream-rifx:*ning. It 
is also not known for certain just wfiat those flavoring .sul> 


♦ Milch- Zeiturig. Vol. 13, p. 701. 
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stances are. They are evidently volatile, ether-like compounds, 
which are produced by bacterial growth during the ripening 
process. Few years ago it was thought that these flavoring 
substances were due entirely to the oxidation process, and 
that in order to get these flavors in butter it was necessary to 
expose the cream to pure air during the ripening. It has now 
l)een proved that air might be excluded from the cream-vat, 
and still good results be obtained. This does not, however, 
demonstrate that oxygen is not essential for the best results in 
cream-ripening. All cream contains more or less oxygen in 
solution. It has been thought that the oxygen that cream 
holds in solution may favor the growth of the desirable germs 
in cream, and that as soon as this has been utilized, conditions 
may bec.ome unfavorable for the desirable germs and favorable 
for th(‘ und(‘sirable germs. 

Practically, all the investigators agree that the flavor and 
aroma substances which arc characteristic of butter and which 
are dc^veloped in ripening cream, are due to bacterial growth, 
and that the germs producing lactic acid^are the most desirable 
ones. We quote the following instances to show what effect 
some species of bacteria may have upon the quality of butter, 
wlum present in the cream: 


Nuiril:>er. 

Sjxjcies IJ.sed ft)r Starter. 

Score on Flavor, 
45 Perfect. 

Selling Price, 
fKjr Pomid. 


Iiiict(Tiu7n hictnni 

39 

$ 1>0 

1 

Bacilluti subtilliH 

1 


These' two samples of butter were made from the siime 
kind of cream which was pasteurized and inoculated with 
starters from the different germs as indicated in the table.* 
The buttc'r ripened wdth Bacillus suhtillis sold for 6 cents 
per pound less than the other, a difference of nearly one-third 
in value, due to the character of fermentation in the cream 
during ripening. Therefore in developing the proper flavors in 


♦ Bui. 40, Iowa Experiment Station. 
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butter, it is very essential that the undesirable germs be ex- 
cluded or suppressed and that the conditions for the develop- 
ment of the desirable typical acid ferments in the cream be 
made as favorable as possible. The undesirable ferments may, 
as a whole, be said to be those wiiich act uj)on the nitrogenous 
matter, or those which cause ordinary aecc.y. They ver> likely 
come from filth 'n the barn, milking utensils, unchan milkers. 



Fici. rj5. — The new Jeiiseu cream-rii>eriing vat. (]V<*rle8b.) 

and unclean and dusty barns. Abnormal fermentations of 
cream, such as ropy, bitter, chromopenic fermentations, (‘tc., 
ar(‘ of course undesirable ferments. For kinds and classifica- 
tion of germs in milk, see Chapter IV on Bacteria, and (’hapter V 
on Abnormal Milk. 

(2) To Increase Chumability of Cream. — Cream -riptaiing 
is not essential in order to complete the churning process, but 
ripened cream will chum more easily and more completely than 
unripcned cream, under the same conditions. This is due to a 
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lessening viscosity of the cream. The ripening process causes 
the cream to become thicker but less viscous. Undoubtedly 
the acid developed during the ripening process tends to cut 
the membrane supposed to surround the fat-globules. The 
reduced viscosity of the cream renders it easier for the globules 
to move and unite in the serum when exposed to agitation in 
the churn. It is possible to churn ripened cream in a thinner 
state and at a lower temperature than unripened cream. 

Cream which has been ripened to a normal degree of acidity, 
also allows of a more complete churning than unripened cream. 



Fig. 120.— Ttie Boyd cream-ripening vat. 

If cream is properly ripened, and churned at a medium low 
temperatun', it is possif)le to chum so that the buttermilk con- 
tains only about of fat by the RalK^ock test; while if sweet 
cream is being churned under the same conditions, the butter- 
milk will contain more than this. This is undoubtedly due to 
the fact that in sweet cream the viscosity is so great that it 
])r(‘vents the minute fat-globules from uniting when agitated 
in the churn, while in sour milk the viscosity has been largely 
removed. Sour cream is thicker than ripe cream, but less 
viscous. This facilitates the coalescence of the fat-globules 
when exposed to agitation. 

(3) To Increase the Keeping Quality of Butter.— It has been 
demonstrated by several investigators that the keeping quality 
of butter depends chiefly upon the number and kinds of germs 
present in the butter after its manufacture. In order, there- 
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fore, to produce butter with goor: keeping qualities it becomes 
essential to exclude or suppress all geru’s which deteriorate 
butter. It is not of so great importance exclude gern j 
which do not injure the keeping quality of br.tter. The germs 
that produce lactic acid do not cause dirict deterioration 
of butter. This has been demonstrated > y Jensen.* 

Wlien cream has been properly npened, it is practically a 



Fto- 127. — The old Jensen cream- ripening vat 


puix‘ culture of lactic-acid-produciii^]!: ^crnis, while sweet uii- 
pasteurized cream contains a bacteral flora, consisting of a 
great many types of desirable and undesirable germs. It 
should be mentioned in eonnection with this, that it is only 
properly ripened cream that contains with any certainty, a 
preponderance of germs producing lactic acid. If the cream 
is over-ripe, the undesirable bact(*ria may also gain the asc'cn- 


* Landwirtschaftliches Jahrbuch def Schweiz. 
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^dency of the desirable. When such overripened cream b 
churned, these undesirable germs are transmitted to the butter, 
and cause deterioration. If the butter is churned from properly 
ripened cream, and at the proper ripening stage, and the butter 
washed in purified w^ater, very few undesirable germs are trans- 
mitted to the butter, and, as a consequence, it keeps better. 

Ripening Temperature of Cream. — In practice, the ripening 
temperature of cream varies wuthin wide limits. Some makers 
prefer to ripen cream at a temperature of about 80° F., others 
ripen at about 70° F., and still others prefer to ripen at a tem- 
yx'rature between 60° and 70° F. Undoubtedly, the conditions 
in the creamery will to some extent govern the ripening tem- 
perature. Up to a certain limit the higher the temperature, 
th(^ quicker the ripening process. In some instances, it is 
d(*siral)l(‘ to ripen and cool cream in a few hours, and then 
churn tlu^ same day. Under such conditions a comparatively 
high ripening temperature is undoubtedly pref(Table, as the 
cream will sour more (juickly at such a temperature. Un- 
doubtedly good butter can be made at any , of the temperatures 
iiKUitioned above, but when we are to decide which tenq)erature 
is ihe best, we are, through experimental evidence, forced to 
come to the conclusion that a ripening temperature between 
60° and 70° F. giv(‘s the best results. 

When cream is rip('n(H] at a high temperature it needs to be 
cooled very little previous to ripening. Milk is usually sepa- 
rated at a littl(‘ above 80° F., and if the starter is added imme- 
diately after separation, it wull ripen in a very short time. 
If ripened at a lower temperature, a longer time will be re- 
quin'd to develop the same amount of acid, and lienee with a 
prolonged ripening period more attention is necessary. The 
Danish butter-makers ripen their cream at a comparatively 
low temperature, usually between 60° and 65° F., and obtain 
the best results. 

The germs producing lactic acid grow within a wade range 
of temperature; viz.: from about 50° to 100° F. The extreme 
temperatures are not favorable to the greatest possible growth. 
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The optimum temperature, or the temperature at which they 
grow best is, according to Russell, from 90° to 95° F. At this 
temperature the germs which cause undesirable results also grow 
most rapidly in cream. Cream contains gt^ms both of Ihe 
desiarble and the undesirable type. \t a eomparatively low 
temperature (Ix'tween 60° and 70° F.) the greattN^^t relative 
growth of the desirable germs is prc^luced. Bacteriologists also 



Fig. 1*^8. — CVoani-ripening rcmm in the Mfxlel Creamery at the 
World’s ExpoHitioii, St. Louib, Mo. 


tell us that tli(‘ casein ferments as a rule thrive better at a 
lower temperatun' than do tlie lactie-acid fcTiiients at th(‘ same 
tem])erature. Tliis, keeping in mind that bettcT results are 
obtain(‘d by ripening at lower lf‘mp(Talur(*s (00° to 70° F.), 
S(‘ems to indicate that the flavoring substances arc not formed 
entirely by the action of certain germs producing lactic acid, 
but that the flavoring substances are probably due to the 
joint action of several species. Lactic acid itself dot's not have 



196 


BUTTER-MAKING. 


the desired characteristic flavor of good butter, yet we know 
that these flavoring substances are direct products, or accompani- 
ments, of the development of lactic acid. 

Cream ripened at a low temperature does not sour very 
rapidly; the germs do not grow at a very rapid rate. The 
desired degree of acidity is approached very slowly, and as a re- 
sult the fermentation may be checked almost at once when 
the desired degree of acidity has been reached, and the chance 
for getting overripfmed cream is reduced to its minimum, 
if tH© ereain is ripened at a high temperature, there is greater 
danger of getting overripened cream. 

Extreme and rapid changes of temperature should be avoided 
as much as possible. The more uniform the temperature can 
be kept, if suitabh' for proper ripening, the better tlie results. 
Accordingly, the ripening-vats used in this countiy are practi- 
cally all jacketed, which permits the operator to regulate at 
will the temperature of the water in the jacket surrounding the 
cr(’am. 

Amount of Starter to Add to Cream. — The amount of 

startiT to add to cream will vary according to the temperature 
of the cream, and to the length of time required for ripening. 
If cH'am is to be ripened (piickly, then a large starter should 
Ik' added, (lood results can be obtained by adding starter to 
the (wtcait of of the cream to be ripcaied. This much, 

howev('r, is usually not satisfactory, as it so reduces the thick- 
ness of tlie cream as to naider it rnon' difiicult to churn. It 
incr(‘ases the amount of s(TUin which will form the buttermilk 
when churiK'd. The more buttermilk, the greater will be the 
loss of fat in churning. On this account it is desiral)le not to 
add any more starter than will giv(‘ cream a proper thickness 
(from to 35 ^ 7 ( fat) and at the same time vsupply enough 
(li'sirable germs to gain the upper liand of, and to suppress the 
undesirable germs already present. 

It is important to skim the cit'arn thick enough to jXTinit 
the use of an amount of starter ('qual to from 8^^ to 20% of 
the cream to be ripimed. This, under average conditions, will 
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produce desirable results^ providing the st-arter is of the proper 
kind. A poor starter is worse than none at all. 

It is a good plan to pour tlie starter into the ripening-vat 
before the cream is separated. Some jilso practice skimming a 
heavy cream and then add some good morning milk to it. 

Before the starter is added all precautions possible should 
be taken in order to prevent the cntraiice (»f undesirable gt*rms 
into the cream. The top layer of the starter sliould he skimmed 
otT; and the very bottom portion of the starter should not Ix^ 
emptied into the cream-vat either, as it usually contains some 
of the sediments from the milk. It is ess#‘ntial tliat the starter 
should be thoroughly stirred previous to adding it to the cnarn, 
otherwise lumps of curd are likely to trouble during the ns 
mairider of the process of manufacture. Tli(‘ curd, if not 
])r()perly emiilsilied previous to adding it to tin' cream, is likely 
to show itself in th** butter in the form of white sjM'cks. This 
stirring of the startc'r can be brought about most satisfactorily 
by pouring it back and forth from one can into anotluT, until 
tlie body of the start(‘r assumes a uniform, not lumpy, con- 
sistency. The cans used for this jiurpose must bo carefully 
cleaned and s(*al(hHl ])revious to using them. Dippers and 
stirrers of any kind should always lx> thoroughly sterilizcnl 
])revioufi to using tluaii in starttTs. The stirrer or dipper us(»d 
should have solid handles. This makers ek^aiiing easier. 

Stirring of Cream During Ripening. — As soon as tln^ starter 
has been brought into a proper eondition it is addcal to the 
civam. If necessary it should he strain(‘d before ^ulding. The 
cr(‘am should then Ix' thoroughly stirred. If cream is not 
thoroughly mixed with the starter, the ripening will not be uni- 
form, If allowed to stand quietly, the cream s(X)n s(q)arates 
into two distinct layers. The fat, by reason of its being lighter 
than the rest of the constituents, soon forceps its way to the 
surface, and incorporates with it a considerable amount of 
casein. But the bottom layer will be similar to skim-milk; 
for, being better mixed with the starter, the lactic-acid fer- 
mentation proceeds more rapidly in this milky or lx)ttom layer, 
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and thus prevents the fat which is at the surface from coming 
in direct contact with the flavoring substances formed at the 
bottom. If the surface layer of fat and casein were exposed 
to favorable conditions, the point might be made that the sur- 
face exposure is more desirable than if the fat were in a state 
of perfect emulsion with the rest of the constituents of cream. 
But such is not the case. The layer of fat and curdled casein, 
when allowed to form at the surface, is likely to be contami- 
iialed with putrefactive organisms. Especially is this so if 
the cream is allowed to stand in such a condition very long 
in a warm ill-ventilated room. If the constituents of cn'ani 
are kept well mixed by stirring, the lactic acid checks the 
dev(‘lopment of putrefactive germs, which may accumulate at 
tli(‘ surface'; the cream is ripened more evenly, and the flavor- 
ing substances have tlu' Ix'st facilities of coming in contact 
with and b(‘ing absorbed by the fat. 

The authors have noticed that high-scoring contest butter 
is usually made from cream which has been stirred judiciously 
at intervals. The most nota])le ])rize winru'rs have stayed u]) 
with their (*r('am all night, or i)art of the night, to watch tlu' 
ri[H'ning j)rocess, and to stir the cream occasionally. It would 
not be practical to advise this method, but cream should re- 
ceive a judicious amount of stirring at intervals during the day, 
and if it is allowed to stand over night, it should be stirred 
tlu' last thing in the evening before retiring. 


NaTI UAL and AhTIFICIAL ItiPFNING. 

En'ain ri\)ening as a whole, as practici'd to-day, may be 
dividixl into two groups: viz., (1) Natural, and (2) Artificial. 

Natural. Natural cream ripening consists in letting the 
raw cream stand at a certain temperature until it is sour, then 
cooling it to the churning temperature. This method used to 
Ih' practiced lu'arly altogether, but now experimental and 
practical evidc'uce prove that this is not the rnethcKl by which 
the best butter can be produced. Natural ripening may, or 
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may not, produce good results. It has been termed by some 
^‘chance ripening.” At certain seasons of the year conditions 
are favorable for natural ripfaiin’g, wliile at otlu*r seiisons con- 
ditions are very unfavorable. It vas stated before that putie- 
factive organisms, or those gcntis causing oi'dijiUry decay, are 
undesirable species of bacteria to have pn'sent in the cream. 
During tlie lat(‘ spring and early smumer jiiontlis, wluai the 
cows are first jmt on pasture, the conditions ar(‘ favoralde for 
the prepond(‘rance of the desirable gi'rms; during th(^ winter, 
when necessarily tiu' cows and the milk are subject to slalile 
conditions to a grea'uT (‘xtent, the conditions an* favorabk' for 
tii(‘ ascc'iidency of tlie undesirable gc'rms. lwkl(‘s has found 
that (luring th(* winter about lliree fourths of tlu' l)Hct(Tia in 
milk consists of th(‘se undesirable germs. If these an^ },r(*senr 
in the milk, a pro])orl innate j)art will lx* traiish'rred to the 
(T(‘am. Wlu*!! such cnvim is allowed to rip('n or fr‘rment in a 
natural way, tlu* und{*sirable germs an' lik(‘ly to gain the* ascen- 
(l(‘Ucy. As the conditions which gov(‘rn tlx* degnx* of con- 
tamination of the milk and cream vary during the* different 
days of lli(' difterent iijoiiths and diff(‘r(‘iit seasons of the year, 
this natural ripi'iiing is not to lx* d(*p(‘nde(l on for obtaining 
a good unifoiin (juality of butter, (*v('n tliougb at times good 
ix'Milts may be obtaiiu'd from natural ripiaiing. A inak(*r wlio 
wislies to make a high, uniform grade of butter should not 
(l('p(*nd upon natural cream ripening. 

Artificial Ripening.- By artilicial rijx'uing we mean (1) 
ripening of law (‘icam to which sutiicii'iit starter lias Ixxai 
addl'd to control (Ik* kind of fermentation; (2) ripening of cr<‘am 
in which the germs liave beiai destroyed by pastiairizalion, 
and to which a starter has txx-ii added in ordi'r to introduce 
th(‘ desirable ferments. 

(1) Eitlu'r of these inetlKxls is preh'rable to natural cream- 
ripening. bhe first method h!is lx)en the most common in the 
past, but the latter method promisi's to give results which 
will warrant every butter-maker in adopting it as a permanent 
method in butter-making. If cream has Ix^en handled under 
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conditions wiiich are favorable for the introduction of desirable 
germs, and is otherwise in good condition, the best results can 
be obtained by ripening such cream without ])asteurizing it. 
It is asserted that when all conditions are ideal,— the starter 
good, and the cream good,— then a higher flavored butter can 
he produced by this method than if the cream were pasteurized; 
but the keeping quality of the butter is not so good as that 
produced from pasteurized cream. The same objection that 
was made to natural ripening can be made to the artificial 
ripening of raw cream. If the butter-mak(‘r at the creaiiK'ry 
has full control of all the conditions governing the quality of 
butter, and if the milk is received at the creamery in an ideal 
condition, then this method of ri})ening is commendable. But 
at creameries where milk is at times delivenHl from one hundred 
or more difh'nmt ])atr()ns, .some of the milk is likely to come 
in in an unfavorabl(‘ condition. The poor milk is lik(‘ly to 
contaminate all the remainder of the cream, and objc'ctionable 
fernamtative products an‘ likely to develop in the cream-vat. 

Wtu'ii this method of rijxaiing is {)ractic(‘d the starter should 
1)(* ad(l(*d to the cream as .soon as {)ossiM(‘. In fact, this rule 
apf>h(‘s to all methods of (‘ream-ripcaiing where a starter is u.schI. 
It is })r(‘ferable to add the starter to the cream-vat before the 
skimming is begun. In this way the lactic-acid gt'rms in th(‘ 
stnrt(‘r g('t a chanc(‘ to work in the cream imm(‘diat(‘ly after 
it is skimm(‘d, and, for this r(‘ason, ar(‘ mor(‘ likc^ly to su])])r(\ss 
the undesirable' types of ferments j)res(‘nt. 

2. Th(' second method, that of pasteurization, is without 
any (]U(‘stion the* ideal way of manufacturing laitter. It has 
b(‘('n ad vocal ('(1 in a theoretical way for se've'ral years in this 
country, but only within recent yeairs has this method of 
ripiming cream been deemed sufhcieaitly meritorious to warrant 
its mioj)tion. It is, however, rapidly gaining in favor. The 
method consists in heating the cream on a continuous pastuerizer 
from loo® to 190° F. A temperature of about 180° F. is the 
one usually employed. It is said that a temjx'rature of 140° 
io 150° F. destroys practically all the germs j)roducing la(*tic 
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acid. Some undesirable germs also, in a vegetative stage, are 
not destroyed at this tempinatnrt'. Foi this n^asoii cn^am 
should be heated to about 1S0° F. At (his (emperatun.\ (lie 
germs causing tuberculosis an' destroyed. Ii is in order to cum 
])at this disease that the Fanish Government ^om])els all cn‘am 
(0 be pasteurized before it is made into butt(‘r, and also all of 
the skim-milk before it is returned tv> tlx' farnu'r Th(^ germs 
causing tuberculosis are destroyed at a lower b’mjxa-ature than 
tills (IS()°F.). jirovided th(‘y are eNp()s(‘(l to tlie ti'mpi'rature for 
some time. In creauK'rie;; the intermit tiail method of pastenr- 
izatioii is used. In this nadhod the tinu' of (‘\posur(‘ to tluGu'at 
is short, and cainscMpiently a higher ItaiijHaatnn' is neia'ssarv. 

\W heating milk to such a tiaiiperatun* practically all of the 
gc'rms, desirable' and uiidc.viralilc*, an' dest roV(‘(l with !Ik‘ (‘\- 
c('])li()U of tliosc' that ar(‘ jirc.scait in the .sj>ore form. If this 
cream is inoculaicd with th(‘ dc'sirabU' gca’iii'^. then theonMically 
and practically, good uniform n'Milts should be obtained 

It was iiu'ntioiH'd ab()V(‘ t hat tin' spor('-bt‘aring bactc'ria wen' 
not (lestroyc'd by thc' dc'gn'C of heating to whicii cix'am is v\~ 
{)oscd. If th(' cream is allowc'd lo stand any h'ligth of tinu^ at 
a fa\'orablc l('iup(‘rature without a starti'r in it, tlic'si' spon's 
Will (lcv'’‘Op and cause undc'sirable n'sults. II past(‘uri/(*d 
cream is aliovvc'd to ri[)(*n naturally, a \crv iallc'r tiavor usually 
develo})s. In onier to ovca'comc' this uiid(‘sirabl(‘ ferine'? ^Mtioii, 
it is e>seiitial that th(' startc'r sliould bc' addc'd as soon as j^ossible 
aft(‘r lilt' cream lias Ix'C'ii cooic'd down lo tlie dc'sirabh' ripi'ning 
It'mjirjature. It .should ix' rcm('mb(‘r(‘d that this starter should 
iK'Vcr be addl'd to the cream while it is still hot, as tlu' lactic- 
acid ]>roducing gi'rnis in tin' startc'i would thi'n Ix* de.strovcd. 

Ripening Cream When Churning is Done Orce Every Other 
Day. At c(‘rtaiii sc'asc'iis ol ihc' year llic uiilk dc'livc'red lo the 
cii'amery is not suliicient in cpiantity to pnxlucc* (‘iiough cn'am 
so (hat it is worth while to (duirn evc'ry day. Many mnk(*r.s 
profitably utilize* their time by ehurning only every otlu'r day. 
The (}uestion (hen comes, how may the cn'am he presc'rved in 
the best possible* eondilion? Some pn'fer locoed the cream to 
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a low temperature (50° F.) immediately after it has been 
skimmed or received, then allowing it to stand until the next 
day. The second day’s cream is then poured in with the first 
day’s cream, the starter added, and the ripening process com- 
pleted. ("others prefer to add the starter to the first batch of 
cream immediately after it has been skimmed, then ripen it 
almost to the normal degree of acidity, and cool to about 50° F. 
The next day th(‘ new cream is skimmed into this already 
np(* cream, stirred thoroughly, and tlu' ri])ening process com- 
pleted. The latter imThod, if done properly, has given the best 
satisfaction. Wh(‘ii cream is ri))en(‘(l according to the method 
first d(‘S(‘ribed, undesirable fermentations are likely to gain 
ascendc'ncy. As has been mentioruHl l)efore, the undesirable 
germs grow better at a lowcn* temp(‘ratur(‘ than do the bacteria 
producing lactic acid. When the next day’s cream is skimmed 
into this, the undesirabk' ferments may ])r(‘i)onderate to such 
an (‘xtent that tiie desirabk' germs cannot ov(‘rcome or suj)}wss 
them (hiring (he remain<l(‘r of th(' rijK'ning process. According 
to th(' latt(‘r nukhod, th(‘ first day’s cream is ri])ened as usual. 
WluMi (lie next day’s ervam is skimm(‘ddnto this, the first lot 
of creauu ac.ts as a starter. Th(‘ lactic acid present inhibits 
the growth of otluT und(\sira))le spevies, and consequcmtly 
betl(‘r r(‘sults an* ob(ain(‘d by this nu'thod. 

I’his latter method of holding cream is recommend(‘(l wlien 
cream is to lx* h(‘kl for any kmgth of time, such as over Sunday, 
or when the cn'aiiK'ry is run only every otlu^r day, and the 
churning done' once* or twice per week. If ])ossibl(', and all 
(Ih* other conditions consistent, it is Ix'tti'r to rip(‘n the cream 
ami churn i( tin* day it is delivered than it is to hold the cream 
oYvr for s(*veral days IxTore it is churiK'd. Butter will always 
keep better than cream, under any conditions. 

MiX1N(’. of (hlK.VM. 

With the introduction of hand-separators the quality of 
cream na‘(‘ived at cn^ameries varies considerably. The (|ues- 
tioii then arises, should the different ejuantities of cream Ije 
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mixed, or should they he treated siparatcly according to 
quality, aiul luavle up into several p'ju)(‘sof butter? Theorist- 
ically the f;radin^ of cream into tsvo or thn‘(\ or even huir, 
grades can be argued to b(' correct and ]n*opet \ yet in cr(‘amf‘ries 
wliere only a comparatively small ainuuul of cream is handled, 
it usually dot's not })ay to grade vt'ry miK*h. in a very large 
plant wlu're a. iiiUcli as r>(),()00 ])ounds of liutter is made per 
day, then' is no (]uestion that a snsIi'I’- of grading cn'am pays. 
Several large central ])lants are now grading their (‘n'am into 
tliH'o or four gi'adcs siu'ct'ssfully. In snialh'r plants, howt'vt'r, 
it is iiot as a ruh' advisabh* to makt^ ;iion' Ilian two grades, 
lh(' lirst gradt' to include all good and fair ert'am, and tlu' 
secoiul grade tt) include tlu' very ]H)on‘sl. bstiaily in du' 
comparatively small creamt'ry plants, th(' (juahty of cn'am can 
!)(' beiK'r controlit'd. and cons(‘(jucntly bss grading is nt'ct': tary, 
wliilt' ill a large ])lant the cn'amery maiiagt'r has but little eon- 
trol o\’er th(' eondit ions go\'('rning tlu* (juality of tlu' ('n'am. 

1'h(' chief eonditions that dt'ic'rmiiu' whetlu'r difl’enait 
(jualitit's of cn'am should be mixt'd, might Ik' said to d(‘p('nd 
upon : 

( ] 'The (piality of the cn'am. 

dli(' kind of markt'l for IIk' butter. 

(dj The amount of han(bs('])arator ci’i'am conipa?*ed witir 
the amount of good (juality cn'am, usually sc'pa- 
rated from tlu' milk at tlu' creana'j-y. 

(4) Tile g(‘ii('rai creanu'ry conditions. 

I. Quality of Cream.-' Th(' difli('ul1y of grading cream is met 
with chit'tly in comjiaratively small cream('ri(rs when' part of 
th(' intak(‘ is cn'am atid another jnirt milk. The cn'am that 
is separated from the milk at the factory is usually in an ex- 
ci'llent conditiory vvliile tlie cn^am di'livered from hand sc'pa- 
rators, or raised by any of the gravity methods, is usually of a 
poor quality. If the cream deliv(*n‘d to the cn'amery i.s in 
just as good condition tis tliat obtained from whole milk skimmed 
at the factory, then there is no danger in mixing the two kinds^ 
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of cream. If it conies in a poor condition, such as hand- 
sepnrator cream usually does, then (he poorest cream should 
be ripi^ned by itself. Some maintain that the mixing of the 
two kinds of cream is favorable, because, if the hand-separator 
cream witc churned separab'ly, it would produce butter which 
is V('ry poor in (|uality, while, on the oIIkt hand, if the two 
w(Te mix(‘d a better quality as a whole would be obtained. 
This is undoubt(‘dly true; but evidimtly if the quality of 
butter from the hand-separator cream was raised, that from 
th(‘ whol(‘ milk was lowc'n'd, so that the (piality of butter re- 
cdvi'd from both was poonu- than that which would have beeu 
obtaiiK'd from tli(‘ whole milk if ki'pt sejiarate. 

2. Kind of Market. If a. creauKUT o])('rator is w'orkiiig 
strictly for (piality, and th(‘ bult('r is sold on that basis, it 
C(‘rtainly would not l)(‘ a good jdan to mix tlu^ poor cream 
with the l)etler cri'am. On tlu' otlu'r hand, if the* l)utt(T is 
sold on the marked with no ntt(Mn])t to (‘stahlish a n'putation, 
no furtluM- aim than to g(‘t as much as possibh* out of th(‘ pr(‘S(‘nt 
supply, then it might pay. By mixing the tw’o it might be 
possible' to raise* the* epiality so as to bring all of it on the market 
at a ti'ille* above* “Ore'ame'rv hAtras"; wdiile if the cream from 
the* whole* milk W(*r(' kept K*paral(*. p(*rhaps no greate'r price 
could be obtained for the* butte'r produced from this better 
cre'am. If the butte*r from the poor hand-se'parator cr(*am 
we're* jilace'd on the marke't by itself, (*vid(mtly it w^ould not 
command the same price as that made* fi-om the wdiole milk, 
or the niixe'd lot either. As has been stated b(*fore, the mixing 
of poor civarn with a go(xl quality of milk, skim-milk, or whole 
mi;k, and stirring the mixture thoroughly improves the quality 
of the* butter in a marked degree, 

3. Amount of Cream. — If only a small amount of hand- 
si'parator cre'am is being received, then usually it will not pay 
to carry it through by itself. By experience the authors have 
fouiul that the l>eRt w’ay to dispose of a comparatively small 
amount, providing it is not too sour, is to empty it into a 
receiving-vat with the milk, and stir it w^ell, re-skim it and 
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pasteurize all the cream, add a starter, and ripen in the usiia 
way. If the cream is sour, and there is a danf::er of sourinj^ 
the remainder of the milk, or clogpnjr the se]>anitor, it is jui- 
visabh' to add it directly to the cream- cat. The sourness of 
the cream is not so dangerous if the il;ieor is clean. If it is 
very unclean, and not sour, the mixiiu with the tthole milk, 
the separation, and pastcmrization will elimina<(‘ a great many 
of the undesirable flavors and check (Ii{‘ aidivity of a large 
portion of the undesirable g(‘rms |)r(‘S(‘ji(. W'luai the start(‘r 
is again added and ri{)(aK‘d, a good (juality of buttia* is ob- 
tained. If a comparatively large' amouiit of ('n'am in poor 
condition is rex*eiv(‘d, then it is advisable' to n'tain ii by itse'lf. 

4. General Creamery Conditions.- ( )ccasionally it leappeos 
that a cnaimery is not prope'rly ('(luipjh d with vats, so as to 
enable' an e)perator tv) handle' twe) le)ts of cn*am. Where' one 
man has te) do all the' work, e)ne‘ churning is about all lu' can 
ace'omplish eiaily, be'side's atle'iieling to the' n'lnainele'r e>f the 
we)rk. rnele*r sue'li e*e)nditie>ns it is eloubtful whe'ther it will 
])ay to piire'hase' aelditional vats anel hire' aelelitie)nal he'lp, in 
order tc) ke'e'p pe)or hanel-separate)i cream se'parate from the 
reouainde'r. thre)ugh the differe'ut ste'ps ejf manufacture'. tSine'C 
tile butter Is not seilel strictly ein its me'rits, the're woulel, as a 
rule, be ne) predit for the ave'rage' small e*re'amery to grade' the 
e-ri'am, on ae*ce)unt of the* aeieiitional labeir anel apjiaraius re*- 
<}uire'el. Jf a high quality of biPter is the' supre'ine aim of the 
e reamrry operator, thcTi it becomes very e*sse‘ntiai that the poor 
e'ream be kept se'parate. 


Ex.vMivixe; and Tpvsttnc Crk\m for Acidity DciiiNei 
RlFFNINei. 

As has been state'd before, the best flavor in butter is pro- 
duced when cream is ripened to the prope^r dc'gree e>f acidity. 
If it is ripened too much, or overripeau'd, the' butter will a'^sume 
a liigh flavor and strong aroma, while if not ripemed high enough, 
it wall be a little flattish with les.s aroma. Many makers d(q>end 
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upon the taste and smell, and the appearance of the cream, 
to decide when the cream has been ripened to the desired 
degree of acidity. Makers with a great deal of experience are 
able to tell quite accurately by the appearance of the cream 
and its taste and smell when it has been properly ripened. 
Well-ripened cream gets an apparently granular and glistening 
condition. It has a pleasant, mild acid taste, and a good 
clean sourish aroma. 

As the flavor of properly ripened cream will vary somewhat 
according to the different degrees of richness of the cream, it 
is v(^ry easy to be deceived by the 
senses. For tliis reason it is advisable 
to use a special test with which to 
measure the amount of acid developed 
in the cream. There are two acid tests 
in general use now in creameries, viz., 
“Mann’s Test” and the “Farrington 
Test.” 

Mann’s Test.— Mann’s test consists 
of measuring the acid in the cream 
by means of an alkali of a definite 
known strength. The kind of alkali 
iis(*d is usually a .1 normal solution of 
caustic potash ( IvOH) or soda (Na.OH). 

In- •‘solutions can be made up very 

Htemi of the hiiroUe the cht'aj)!}" or bought from the supply- 

alkali can be kept in a , ^ • i ^ 

lar^e bottle, as shown in houses. Mann s test IS based upon mea- 

Fij;. 131 and 130. suring out 50 c.c. of cream by means 

of a pi{)ette. A few drops of an indicator (phenolphthalcin) 
is added. This indi^’ator gives a red color in an alkaline solu- 
tion, and no (‘olor in an acid solution. The .1 normal alkali 
is pouiH'd into a burette, and the solution allowed to run into 
the 50 c.c. of cream and stirred thoroughly until it begins to 
turn pink in color. At this point it is neutral. The number 
of cubic centimeters of alkali required to neutralize the acid 
in 50 c.c. of cream indicates the number of degrees of acid. 
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For instance, if it required 32 c,c. of a tenth norhiai alkali 
to neutralize the acid in 50 c.c. of ci*eani, the acidity of the 
cream would be 32^. 

(1 c.c. of N/'IO alkali-- 1° Mann’s lest.) 

Mann's test ri'ading can be converted so as t(^ express the 
results in percentage similar to the Farrington test. As 1 c.c. 


fF- 



Fig. 130. — Arrangement Fia. 131. 

for kef?ping alkali for 
the Mann’s test. 

of the .1 normal alkali neutralizes .009 grams of pure lactic 
acid, 32 c.c., as in the above ca.se, would neutralize 32 times .009. 
This would give the amount of acid, - calculated in terms of 
lactic acid, present in the 50 c.c. of cream. Tliis product 
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divided by the 50, and multiplied by 100, would give the per- 
c*(‘ntage of the acid present. 

Farrington Test. — The same principle is involved in the 
Farrington test. The alkali is put up in small tablets, already 
containing the indicator. These tablets contain a definite 
amount of alkali, and are represented as retaining their strength. 
However, they lose their strenglli if tliey arc exposed to the 
atmospliere. The amount of alkali eml) 0 (lied in each tablet is 
such that wlnm five of them are taken into a graduated cylin- 
der, the cylinder filled up with distilled water to the 97-cx. 





132. — Apparatus for the Farrington arid test . 

murk, and th(' tablets thoroughly dissolved in water, a solution 
is obtained, eacli cuitic centimeter of which represents .01 of 
V [ of acid, providing 17.6 c.c. of cream is taken. The tablets 
can be niad(‘ u}) of diiTerent strengths for the us(' of different- 
sized pipettt's, but as the l7.()-c.c. j)ipett(‘ is the one which is 
used in the ordinary Babcock test, directions are given for the 
use of that pipette only. For a more detailed description of 
the acid tests see “Milk Testing,'' by Farrington and Woll. 

Amount of Acid to Develop. — The amount of acid to develop 
in cream depends upon the amount of fat present in the cream, 
and to some extent upon the market on which the butter is 
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to be sold. Some markets reijiiire higher flavored butter than 
oth(‘rs. rraeti(‘alh all markets especially in this country, 
demand butter which has a comparatively rich creamy flavor, 
with a nic(‘ clean butter aroma. 

It was found by tlu' Iowa Kxp^'riment Staiion from a large 
number of ex])eriments. that cr(‘am contiu’ung fai siiould 
be riix'iied to ‘>7^ Mann's test, in oi'dcr to g('t the \{a-y best 
results. It has also been dfanonstratcMl, tiiat the acid is dt'\'cl()p(‘d 
only in the serum jx^tion of th(‘ cnvan. hrom this it can be 
^een that the more fat tla‘r(‘ is in th(‘ cream, th(' l(\ss s(‘rum tiuTe 
will be As the acid d('V(‘lops only in th(‘ a'rum, tla* ]('ss acid 
it will be necessary to dev(‘lop in rich cnaun in order to hav(‘ 
a d(*finite stnmgth of acid in th(‘ siaaim ])orlion. On tic otla*’ 
hand, llu' h'ss fat then' is in the cn'am, tlu' mon‘ serum IIu'H' 
will ])(', and th(‘ moix' a ad necessary comj»ai‘(Ml with the who'e 
aniomit of cnaini, in order to get th(‘ sann' stoaiglh of acid 
in tin' s(‘rum ])art. 

d('hnit(‘ reflation of fat to tiu' amount of acidity produc(‘(l 
can be obtairu'd by making use of th(‘ following formula: 

Subtract the p(‘r cimt of lat fouial in th(‘ cn'am from 100, 
and (he remainder will b(‘ the st'rum. Divide' this by two, ajid 
the' (piotient represents tlu' number oi d('gn'('s of aeidity (Mann's 
test) r('(juir('d. For instance*, if we* we're* tee rij)e'n a vat of 
cre'am containing ' 62 * ] fat, tla* probk'in we)uiei stand some'^^'ing 
like' the following: 

100 62 OS ^2 04^ acidity, to be* elevelojie'ei in tliat fiartic- 

ular vat of cre'am te) obtain the* l)e‘st re*sults. 

/ 100 fat in e*re*am , ^ i \ 

/ de'gree's ol acielity re'ejuireel. I 

'riie above formula will give good results wh('n normal 
cream is being ripened. Whe*n the* cream gets abne)rmally thin, 
the result wall lx* a little too liigh, and wdu'ii very rich cr(*ain 
is rijx'iu'd, the result will lx* a little too low. It is usually 
said 4liat it is not advisable to ripen cream any higher than 
to .650^ of acidity. 
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Chemical, Physical, and Biological Changes. 

Physical Changes.— All the changes in cream during ripening 
are very (;omj)lex, and the causes of them are not well under- 
stood. dTie chief cause of the ripc'ihng process, as it normally 
occurs, is the action of micro-organisms. As has been stated 
1)efore, the germs producing la(‘tic acid are the most numerous. 
These germs continue to gain the asciuidency in the cream 
during tlie ripening until cream is almost a pure culture of 
lacti(*-acid -producing germs. Accompanying this growth, the 
sugar jiresent in the cream is broken up into lactic acid and 
R(‘V(Tal other by-products which will l)e mentioned later. 

These difien'iit by-products have certain physical effects 
upon the l)ody of th(‘ cream. Tlie acid develo])ed causes 
the cn'am to coagulate and l)ecome thick. As the ri])ening 
pro(‘(»ss is carri(‘d on the ap])earan(‘e of the cream changes sonu^- 
what. It becoriH's thick, granular, and glistening in a})])ear- 
anc(\ Undoubtedly the him of cas(dn, or whatever the envelop- 
iiKuit may 1 k', surrounding the fat-globules, is loosened or cut. 

Biological Changes.— (Team when put into the ripening-vat 
usually contains a v(‘ry large variety of bacteria. Which 
specie's j)r('e]ominatc's at that time depends u])on the care and 
tn'atment of the cream })re\dous to the ri})ening stage. In 
])asteurized cream jiractically all the germs ])resent are of the 
spore-producing kind, and unk'ss conditions are favorable for 
the d('velo])m(‘nt of tlu' spon's, these will be su})j)n‘ssed by the 
germs addl'd with the starter. During the tirst few hours of 
thi' I’ijX'ning })rocess there is a gradual growth of all the germs 
])n'sent. It is said that in sweet cream the lactic acid germs 
are ('omparatively few in number, but under favorable conditions 
thesi' grow so much more rajiidly in number than any of the 
othi'rs, that in a short time they become more numerous than 
all tlie other germs. The by-product lactic acid is unfavorable 
for the growth of nearly all the undesirable varieties of germs. 
Practically all these germs are suppressed in their development^ 
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SO that when cream is ripened ])roperly, it contains few other 
germs })esides those which produc(‘ hictic acid. 

From the above it will be seen ihat there are j)ractically two 
overlapping periods in the bacterial chaiiges dirung the ripening 
of the cream, and especially is tliis so in the ri;Kming of raw 
cream. The first includes the period when all the ditTerent 
varieties of germs grow, and tlie secomi iiuludes tht' pc'riod 
when only the lac ti(‘-acid- producing gcauis gr(n\. it is, then'- 
fore, maintained that befor(‘ tlie churiung takes place* the 
ripening of cream should be carried on to ‘^ii(*h an extent that 
th(‘ lactic-acid g(*rms only predominate*. Dr. Storch, who has 
made a detailed study of this, asserts tiiat milk and e*ream 
lootli have* a rather unde'sirable* tlave)r at the* b(*ginning of its 
ripeming ])eriod, while in the latter stage of the* ripeaimg p(*rioei 
it take's on a ple*asant, e‘le*an, ae*iel taste. 

The* numbe*r of ge*rms, anel the re'lative nunibe*r e'f iie*iel-j)iO- 
ducing ge'rms in the* cream whe*n ri])e'ne'd, is as she)wn in the* 
following table* : * 
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churning the* numbe*r of bacteria pe'r cubic centimete'r \ ari(*.s 
from 380, 000, 000 to 3,000,(MK),000. t )f tliis number the* acid- 


producing Imcteria constitute from W,] te) 08^ d' . 

Chemical Changes.— The* changers in cream during the* jtroe.'CBS 


♦ Bui 40, Iowa Experiment Station. 
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of ripening are not due to any instability of the components 
of creauj, nor are they attributed to any of the enzymes, 
(lalaetase is a pre-existing enzyme in milk; consequently it 
would b(‘ present in cream, but present only to a very small 
extent. If it were possible to exclude from the cream all the 
(lifTenuit kinds of bacteria, ripening would not take place. 
At least it would proceed at a much slower rate than the 
ordinary rate of change in the ripening of cream ; this proves 
that the solids of cream are chemically stable and that the 
en^iymes or unorganized fcwnnaits })lay only a secondary })art 
in bringing about th(‘ different changes in cream ripening. 
Th('re an‘ two class(‘s of solids in cnaim which are d('c()m- 
posed chi(‘fly during ri])(‘ning: viz., (1) Albuminoids, and (2) 
Sugar. 

1. Most auth()riti(‘s maintain that bactc'ria arc unable to 
f(*(‘d on, or to d(‘compos(‘ directly any substance' which is not 
pr('S(‘nt in tlu' form of a solution. As case'in is not normally 
])res(‘nt in a solution in milk, the* pr(‘-existing (‘nzynu's or 
bactc'rial by-products must cause' the first decomposition of 
casc'in Ix'fon' th(‘ ge'rins are al)l(‘ to utilize it The' by-products 
re'Milting from the' e*as('in fe'rme'Uts are* many, and very com- 
ple‘\. Ace-ording to Husse'll * albume)8es, leiicin, peptone, 
tyrosin, and ammonia an' forna'd. Freudenrich claims that in 
addition to tlu'se' l)utyri(* ae*id is a by-])roduct. Insides tlu'se 
substane'(*s, gase's sue'h as carbonic gas, marsh-gas, and nitrogen 
are' forme'd. W'hc'ther all tlu'.M' by-products are' formed dire'e'tly 
e)r indire'e-tly e)r both, no one* knows for (*e‘rtain. 

The* typical ferments se'cm to act similarly upon the casedn 
in milk. The\y j)roelue*e' first a rennet-like ferment, which 
curdlc's the milk. Afte*r it has l)ee'n curdle'd, the (‘\ird is eligc'ste'd 
e)r pcptonizenl by tlu* action e)f seane t'nzyme. The casein in a 
sample* of milk ce)ntaining a j)re'pe)nde'rane‘e e)f ca.sein fermemts 
will in a f(*w we'e*ks, e)r ewen le'ss time, disappear entirely. A{v 
pare'nlly the milk has lH*en transfornu'd into whey. This 
particular fe'rment is called casc'aso by Duclaux. Form calls 
♦ Dairy Bacteriology. 
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it a tryptic ferment, because it is similar in its action to the 
trypsin produced by the digesting gland.s. The putrefactive 
germs ordinarily act upon the mtrogenous matter of cream, 
as described above. 

2. Th? milk-sugar in cream is present in a perfect solution, 
and consequently it is thought that bactoda are able to utilize 
it as food directly. The typical lactic acid-prodr.cing germs 
cause the milk-sugar to split up into lactic acid ehiefiy, acc^ord- 
ing to the following equation: 

Ci2n220ii+H20~ dCalldhi. 

Milk-sugiir. Lactic aciJ. 

There are a number of germs which a?e al)l(‘ to produce 
lactic acid from milk-sugar, but })ractically all of tluMii, so iar 
as known, produce other by-f)roducts lavsides tli(‘ lactic acid. 
Some g(‘rms produce much lactic acid and a small amouhi of 
o(h(‘r by-products, while' other germs produce little latdic acid 
and large amounts of several otht'r by-f)roducts. Some of tlu'in 
brt'ak up the milk-sugar and change^ it into lactic acid and car- 
l)onic gas. Other spt'cies produce lactic acid and alcohol. 
This latter species Orottenfelt claims to be closely associated 
with the j)roduction of flavoring substances in butter. Difh'rent 
kinds of gases, such as nitrogen, hydrog('n, carbonic acid gas, 
and marsh-gas are also formed. 

It is doubtful whether there are any germs which are able 
to transform milk-sugar entirely into lactic acid. If sucli were 
tlu* case, 1 gram of milk-sugar would produce' I gnun of lactic 
acid. According * to some (‘xpe'riments carrif'd on by oik' of 
the authors, .8 of a gram was the* maximum amount of aciei 
developed from 1 gram of milk-sugar, and Sf l is the ava*ragc 
amount of acid developed from 1 gram of milk-sugar. In the 
experiments, efforts were made to have the typical lactic acid 
ferments present in the cream. The following table* may prove 
of some interest: 


♦ Chemical Changes during Cream llipening. (Thesis I. 8. C.) 
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Cream I. 



Sugar. 

Acid. 

Per Cent of 
Acid in Cream. 

l.^t rij>ening period 

.1% produced 

.04% 

.33% 

Of ] < ' ‘ ‘ 

.1 

.06 

.35 


Cream II. 


J8t rii>ening fx'riod 

o^[ 

.1% produced 

.08% 

.58% 

.1 

.06 

.64 

3a “ 

.1 

.045 

.82 


Cream III. 


ripening ptniocl 

.]% produced 

051% 


‘>a '* 

.1 

.050 

.63 

3d “ 

I 

om 

.68 

Average of S.experiinonts. . . 

.1 

05 -f 



Conn states that the lactic acid produced in cream durinti; 
ripeniniJ!: is not always of the same kind. Some species of 
bacteria produce th(‘ kind wluch turns the plane of polarization 
to the left; other spe(*ies produce the kind which turn it to 
the right, and still other si)ecies produce the so-called inactive 
lactic acid. Th(‘ most common are those which produce acid 
that turns the plane of polarization to the right. 

T\\(^ souring of (*r(‘am, according to Conn, is not due to the 
developuK'nt of lactic acid alone. Two kinds are produced, 

( 1 ) tix('d, and (2) volatile. The fixed acids appear to be chiefly, 
if not wholly, lactic acid, and the volatile are cliiefly acetic and 
formic acids. Th(‘ fix(‘d acids are produced in the greatest 
proportion. 

In the tabl(' (pioted above, it will be seen that during the 
first ri{)ening period of saitiple .S, .T sugar produced .051% of 
acid, while during the last or third ripiaiing stage .Vq of sugar 
])roduced .010^ of acid, being only about one-third of that 
produced during tlu' first ripening period. The same is true 
in ex])eriment II, when^ three separate analyses were made of 
tile cn‘am. It is diflicult to account for the constant decrease 
of lactic acid in proportion to th(^ sugar decomposed in the 
advanc(‘d stage of the ripening period. Is it the lactic acid 
already present that decomfioses into other products when so 
much acid is formed? Or do the bacteria continue to decom- 
pose the sugar, but the by-products being of a different nature? 
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Or do certain species of bacteria cease to act, and are otiier 
species, which produce less lactic acid and more gaseous prod- 
ucts, able to perpetuate their growth and bring about the 
results observed? The results are probably due to a com- 
bination of the different actions just mentioned, but the most 
likely theory is that conditions for the growth of other species 
of bacteria bc‘Come more favorable, and othi^r by-products 
than lactic acid are formed, products that cause the und(‘sirable 
rancid flavors in over-ripened cream. 

Hutyric acid also re.sults from the decomposition of cream 
coiistiluchcs during ripening. The origin o!* (he butyric a(‘id 
formed during ripening is, however, not well known. Kreuden- 
1‘eieh says it is the residue resulting from tlu' breaking down of 
casein and milk-sugar in varknis ways, and tlu'n^fore he classes 
the butyric ferments in the same group as the casein fiTmi'iits. 

Butyric acid in oveuTipened cream is by sonu' autliorities 
considered to be a dinnu product from an exc('ssive amount, of 
lactic acid. Kacli molecule of lactic acid bn'aks up into butyric 
acid, carbonic-acid gas, and liydrogen, according to the follow- 
ing equation: 

Lactic acid Butyric acid. Hydrogen 

2C,ihp3 lyi/wi + 2C()2 4 114 . 

It is questionable whether this n^action ever occurs ir the 
ripening of cream. 

Butyric acid also results from the decomfX)sition of butyrin, 
through the action of bacteria, and causes the molecules of fat 
to split up into butyric acid and glycerine, according to the 
following equation : 


Butyrin (fat). Water 

Glycerine. Butyric acid. 

C3H7CO2 

OH 

C3H5 C3H7CO2 + 3H2O - 

Calls OH + 3C3H7CO2H 

[CaHTCOj 

OH 
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STARTERS. 

Definition. — By the term starter, in cream-ripening, we 
iinderKland a medium containing: a ])reponderance of desirable 
germs present in a virulent condition. 

History.- -The use of starters in the dairy industry dates 
back a great many years, ddie fact tlmt starters lu^ljxal in the 
manufacture of dairy products was recognized years ago by 
practical iwu even Ix^fon' schaitists recommended tlie use of 
pure cultures. In Europ(‘an dairy countries the use of the 
butU'rmilk borrowed from a luagliboring factory to add to the 
cream in onU'r to ovcmtouk' abnormal conditions, was a common 
occurrence. In Holland, sour wlu'y borrowed from some other 
factory was us(‘d to ov(‘rcome gassy h'rmentation in cheese- 
making. Wliile the reasons for this were not well understood, 
the uudi'rlying principle was involved, viz., that of overcoming 
the undesirable fermentation by adding ferments of an an- 
tagonistic kind. 

The introduction of ])ure cultures, or commercial starters, 
for cream-ri]H‘ning dates back to 1890, by Professor Storch. 
He recomnumded their use in creameries in Dcannark. Starters 
were used in that country for a time successfully, and since 
tlu'u start('rs have been introduced and extensively used in 
this country, as well as in practically all Europ(‘an countries. 

Classification of Starters. — (Generally speaking, the different 
kinds of startei's are included under the names (1) Natural, 
and (2) (Commercial. The latter is prt'pared from a pure 
culture of Imcteria obtained from the lal)oratory. The former, 
or natural, include a great many kinds of dairy products which 
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are supposed to contain a prt'ponderance of those germs wliicli 
are involved in the production of desirable flavors in butter. 
Buttermilk, sour cream, whey, and si'ur whole or skim-miP:, 
are classed under this heading. While all thcso raay be termed 
natural starters, and at certain times the use of any one of 
them may produce better results than if no startei at all were 
used, it is not safe to rely upon these to bring about better 
results than could be obtained without the use t>f starters, 
because these jirodiicts are lik(‘Iy to be contaminatetl in a large 
d('gree with undesirable germs. 

Preparation of Natural Starters. — The best natural starter 
is usually obtained by s(‘lecting a number of different samples 
of the best milk coming into the ereamery, into clean'd sterile 
glass jars. The sam])h\s are allowcHl to stand until so\ir at 
about 70^ F. Tla^ samj)l(‘ which coagulates into a s?nooth uni- 
form curd, and has a ])l(‘asant acid tast(‘ and sm(‘ll is s(‘l(‘et(Hl 
and used as a inotluu’-stai‘t(‘r. WIk'U ino(*ulat(‘(l into a huge 
quantity of selected pastcairized skim-milk, cook'd to and kt'pt 
at a tenqx'rature of about TtF F. until it begins to coxgiihile, 
it will usually pi’oduce a starter which is ('(puil, and oftt'u 
su|)erior, to a commercial starter. 

Commercial Starters, or Pure Cultures. I'Ape'nuK nts have!' 
amply provc'd that certain specie's of bacte'ria ai(' chictlv re- 
sponsible for the butter flavors (k'vc'loped in cn'am tuiing 
ripening. This fact has given rise to the' us(* of [)ure culture's 
jm'pared in a comme'rcial way. Tlu'se jnire* culture's coutaiu, 
in a virulent conditiejn, the ge*rms wliich preidiie'e' the' de'sirable^ 
flavors and aroma. The cultures are put up in labeiratories 
specially provided for this kind of work. The' ge'rins an' iso- 
lated anel inoculate'd into a medium which is suitable to their 
growth. Some laboratories inoculate them into a lie|uid medium, 
others into a powder medium. The licjuid mcHlium ceinsists 
usually of sterilize^d Ixiuillon, or milk. The powder mediuiri 
consists chiefly of milk-sugar. The cultures that are put up 
in the liquid form will not keep so long, and it is not safe to use 
them after they are about nine days old. The cultures whick 
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are put up in powder form have the advantage that they can 
Ijc kept for a much longer time and still retain their vitality. 
Both kinds as a rule are good while they are fresh. We give 
below a list of the commercial cultures with which the authors 
are familiar : 



Preparation of Commercial Starters.— All of the starters 
mentioned above have l)eeu tesUnl and are known to produce 
gCK)d results. The first step in the pn'paration of a mother- 
starter (starterline) is to prepare preferably a glass jar or 
bottle by thoroughly cleaning and sterilizing it. Glass jars are 
used in pitTerence to any otlier vessel, because if they are un- 
elean in any way, it will show through the glass. Secondly, 
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rode, and in that way retain unnoticeable dirt. Mason jars 
and sampling bottles are suitable. The kind d bottle which 
is used for marketing milk gives very good results. 

The second step consists in selecting suitable milk. The 
milk must be in as pure and sweet a condition as possible. A 
good starter can be produced from cither whole or skim-milk. 
Skim-milk, however, is preferable to whole milk. Tlie mis- 
take of selecting whole milk for starters has often been made. 
The mother-starter pn^pannl from whole milk usually has a 
more pleasant, mild, rich taste, due to the fact that it contains 
more fst than the starter made from skim-milk. The mother 
starter prepared from good skim-milk is preferable', and safer 
to rely upon. Efforts should be made towards separating tl'O 
starter milk before the rest of the milk has been rim through. 
If not separated till late during the run of the day, the separator 
is tilk'd with slime and howl-slush, which are likely to con- 
taminate the starter milk. At some crc'anieries, the si'paration 
of the starter milk is accomplished with a small hand sepa- 
rator. This, however, is not convenient or practicable at most 
creameries. The milk for the starter can be selected and run 
through the power separator during the teginning of the run. 
it is ivell not to use the very first milk which passes through 
the separator, as it would be likely to contain a gmat^'r number 
of undesirable germs. 

The milk which has been sf^lccted for the Tuother-starter, 
or starterline, is then pasteurized. The pask'urization is l>est 
accomplished by the intermittent method. If considerable 
milk is to lx? pasteurizM it is lH?st to make use? of a clean, 
sterilized can. If only a small portion Is to be pasteurizeil, 
just enough for the mother-starter, the milk can be put di- 
rectly into the jars. The jar half full is atout the proper amount 
of milk to use. The directions sent with some pure cultures 
recommend as much as half a gallon or a whole gallon of milk. 
As a rule better results are obtained if only about a pint of 
milk is taken. If the milk for the mother-starter is pasteurized 
in the glass bottles or jars, then it is advisable to set the bottles 
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containing the milk into cold water, — covering the jar so as 
to prevent outside contamination, — and then heat up the 
water gradually. Care should be taken not to insert these 
bottles suddenly into scalding hot water, or to let the steam 
strike them, for either is likely to crack the bottles. Care 
should be taken also to (‘xclude water from milk used for 
starters. It is advisable to heat this milk, for the starterline, 
as high as possible in scalding water, say up to about 200° F. 
llie sample may assum(‘ a cookcni taste, but this will soon 
disai)pear after the starter has been carried on a few days, 
d'he milk should be left at this high temperature for about ten 
or fifteen minutes. A longer tim(‘ does no hartn. Then the 
milk is gradually cooled to about 80° F. This high tempc'rature 
is desirable', b(‘cause the germs present in the commercial ciil- 
tun‘ may be soriK'what dormant. This high temperature would 
tend to revive' them me)re quie*kly than a lower tem])erature‘. 
Gre*at care' should always be take'u to cool the milk pre'vious te) 
inoculating it with the pure culture, otherwise the germs pre\sent 
in th(‘ pure' culture will be destroyexl. 

Inoculation. — The' next step is to inoculate the prepared 
milk with tlu' pure culture obtaine'ei from the la)x)rate)ry. The 
be)ttle‘ which cv)iitains the pure culture is carefully opened, then 
the bottle containing (he culture' is turned over and emptied 
into the' pasteurize*ei milk. The bottle should be held down 
closely te) the' me)uth of the jar containing the sterile milk, in 
orde'r to pn've'ut too much contamination from the air. Then 
the' milk e-ontaining the pure' culture is thoroughly stirre'd and 
se't away in a 7*oe)m where the temperature is about 70° F. 
This will graelually cool the milk from 80° to 70° F., anel in 
about twenty to fe)rty hours the milk will sour anel coagulate. 
Germs in nc'arly all of the liquid cultures are rather slow in 
acting upon the milk, undoubtedly due to the dormancy of the 
germs, and to a comparatively few of them being present in 
the pure' culture'. When the powdered cultures are used, a 
little more care is essential to get the powder thoroughly min- 
gled with the milk. It is a trifle more difficult to get the 
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powder thoroughly mixed with the milk than it is to get the 
liquid cultures mixed. If anything is used with which to stir 
the sample, it should be sterilized before coming in contact 
with the milk. This applies in the preparation of all cultures. 
In testing or sampling the mother-starters, nothing should be 
allowed to come in contact with it unli'ss ii has previou.dy been 
thoroughly sterilized. The powder (ultures are usually more 
vigorous in their effect than most of the liquid cultimrs now 
on the markei. The j)owder cultures usually coagulat(‘ the 
sample in about twenty-four hours, and if (he operator is used 
to handling the liquid cultures, he shouhi watch tlu' mother- 
starters })r(‘pared from powder cultures, so (hat they do not 
get ovc'ri'ipe. It is very essential that the starters do not g« t 
ov(‘rii})(\ The time wlnai th(‘ g(Tms an' most numerous and 
most active in (he starter is about thi‘ time' wIhui th(‘ sample 
coagulates. As soon as this stage' has Ix'en naiche'd, or just 
jin'vious to coagulation, the startc'r should be cooled down to 
at li'ast 50° F., or lower if possible Tins preve'uts any further 
growth of germs and the' sample' can be kept a short time 
without injury. 

Dire'ctions usually accompany (‘ach e)f the culture's, })ut the 
above' will be found to ])re)eliu'e good re'sults with all e)f the)se 
mentioneel in the' above outline. 

\W inoculating frean to or more e)f the » other- 
startei’ into a large sample of pasteurize'd milk, any desire'd 
amount of starter can be pr('j)ared. In se'le'cting this ame)unt 
of milk, as much (*are as possible' should be take'U in order to 
se'k'ct the best kind of milk, and ke'ep it from be'ing ce)ntaminate'd 
Wiiem this large sanqde of starter is at the pro}Ku* stage of 
coagulation, it should Ik' used at once, or else' ce)e)le'el de)wn to 
about F. The amount of mother-starte'r with which to 
inoculate the large sample* of starter may vary a little with- 
out any bad effects. If the large sample* of starter is to be 
ready for use in a short time, a large'r portion of the mother- 
starter can be used for inoculation. . If the temperature at 
wliich the starter is set and the amount of mother-starter used 
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for inoculation are the same from day to day, the starter will 
be ripe at nearly the same hour every day, and, consequently, 
more uniform ripening results can be obtained. The notice- 
able coagulation of the starter when skini-rnilk is used will 
usually take place when there is about .6% of acidity. A 
slight coagulation will take place when there is about .5% of 
acidity, but it is hardly noticeable. The coagulation-point may 
vary with different samples of milk. 

If a mother-starter is to be kept any length of time it 
sliould be inoculated into a sample of good fresh pasteurized 
milk about every other day. If a mother-starter, or starter 
of any kind, is allowed to stand too long at a low temperature, 
the desirable germs will become dormant, and some undesirable 
germs will gradually gain a foothold. It is a good plan to 
carry any mother-starter along for two or three days before it 
is used to inoculate a large sample of milk. When the mother- 
starter is first prepared it sometimes contains an undesirable 
tast(^ and siik^II from the medium in which the germs were 
put up at the laboratory. This smell and taste is eliminated 
by carrying it on two or three days previous to its use. 

While the starter, or mother-starter, is in the stage of 
ripening it should occasionally be gently stirred. As soon as 
coagulation of the milk Ix'gins, then starters of any kind should 
never be stirrcMi. If a sample of coagulated milk is stirred 
before it is ready for use, it is more likely to ^^whey off.'^ 

Length of Time a Starter Can be Carried. — In this country, 
even if special precautions are tak^, it seems almost ini- 
IK)ssible to carry on a starter for more than four weeks without 
having undesirable ferments enter. The length of time a starter 
can be carried undoubtedly depends upon conditions, and the 
can" witli which it has been Imndled. When a starter is properly 
prepamd, cooled gradually before coagulation, and not overri- 
pened, it will contain a smooth serft curd, and retain its mild acid 
flavor for at least a month. The Danes, who use starters in 
butter-making more regularly than any other people, are able to 
carry a starter along for six months or more without renewing it 
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It is a good plan to keep at least two different kinds of 
starter by carrying them on from day to day in small quart 
jars. Then if one should happen to ''go off/' the other one 
can be used instead. 

Poor Starters. — Many unsuccessful results from the use of 
starters for cream-ripening have been rc'ported. The failure 
can be traced to the improper use of starters. If starters are 
good they will never bring about poorer I'csults than are ob- 
tained without the use of them. Owing to the fact that it is 
difficult to keep the same starter In a good condition very 
long, many starters are used which develop abnormal fermenta- 
tions in cream. A slightly acid, somewhat bitter taste, and a 
slimy condition of the starter are defects which are very com- 
mon. These conditions seem to be brought about chiefly by 
overripening it at a high temperature, and keeping it a long 
time at a low temperature before using it. Slimy fermenta- 
tion is very common in starters which have been carried on 
for a time, AVhenever this slimy ferment develops in the 
starter it can be noticed in th(i cream and starter both, by the 
acid not developing so rapidly as when the proper acid-pro- 
ducing ferment is present. It seems almost impossible to 
develop any more tlian about .5% of acidity in Si)% cream; 
while if the proper ferment were present, about .7% could be 
developed. A decrease in the quality of butter accom^'miies 
the development of this ferment in the cream. 

Whenever it is found that a starter is not in as good condi- 
tion as it ought to be, it should not be used, as a poor starter 
is worse than none at all. The buttermilk from the previous 
cream can sometimes be ased advantageously until a new 
starter can be prepared. 

Underripening and Overripening of Starters. — The effect 
of overripening starters has already been mentioned under the 
"Preparation of Mother-starters." The question of under- 
ripening starters is also of importance. It is a well-known fact 
that just about the time when the milk begins to turn sour^ 
that is, when the sourness can just be recognized by the taste, 
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it has a rather disagreeable flavor. After more acid develops 
the undesirable flavor largely disappears, and the milk assumes 
a clean, desirable acid taste. The reasons for this has recently 
been accounted for by Storch, the well-known authority on 
starters. He claims that this disagreeable flavor is due to the 
action of undesirable organisms, during the first souring stage. 
As the souring progresses these germs are subdued and grad- 
ually crowded out by the desirable acid-producing types. 

In the preparation of a starter the probabilities are that 
some of these undesirable types of germs are present. At least 
it is safer to go on the assumption that they are present. This 
makes the underripening of starters just as important to guard 
against as overripening. 

Amount of Starter to Use .—The amount of starter will vary 
under diflereni conditions. It may vary from none at all the 
as much as 50% of the cream to be ripened. The quality of 
cream is one of the factors that needs to be considered, llaw 
cream and old cream each na^uire a large starter, especially if 
the cream is thick enough so as to permit of being reduced in 
thickness. Good pasteurized cream does not need a larger 
starter than about of the cream to be ripened. 

The amount of starter to use also depends somewhat upon 
the geiu'ral creamery conditions. In some creameries all the 
cream is na‘.eived in a very sour and poor condition, and facili- 
ties for getting milk fm* preparation of starters are often very 
poor. Under such conditions it is questionable whether it 
would ))e profitable to use starters at all. The amount of 
starter to use chiefly depends upon the degree of rapidity of 
rij^xming desired, and upon the temperature of the cream. If it 
is desirable to ripen quickly, then a comparatively large starter 
(15^0 to 259c) iJ^hould be added, and the ripening temperature 
should bt^ comparatively high (about 80° F.). If slow ripening 
is desiml, then less starter can be used. Enough, however, should 
be use‘d to control the fermentation in the cream (about 10% 
to 15%), and the ripening temperature may be lower, between 
00° and 70° F. More starter should be used in the winter. 
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Use of Starter-cans. — In the past^ ordinar}" tin shot-gun 
cans have chiefly been used for the preparation of starters, 
and have given good results. Many makers still use such ciins 
in preference to recently invented starter-cans 



Fig. 13S. — The Victor 
starter-can. 



I’Tg. 134. — r>nily’.s perfection 
starter-can . 


The earliest starter-cans were made of light material and did 
not last long. These defects, howevtT, have largely been done 
away with, and the use of starter-cans certainly is an improve- 
ment over the old method of preparing the starters in .several 
smaller cans. 

These starter-cans are jacketed, so that the temperature can 
be controlled by using hot or cold water, or icc, as demanded, 
in the jacket. All of the starter-cans have an agitator, which 
is operated with a belt. 


CHAPTER XVI. 


CHURNING AND WASHING BUTTER. 

Definition. — By churning we understand the agitation of 
cream to such an extent as to bring the fat-globules together 
into masses of butter of such size as to enable the maker to 
separate them from the buttermilk. 

The agitation may be brought about in several different 



Fio. 135. — Ancient method of ohurnifig Fio. 136. — The Dash chum, 
in skin bags, 

ways, and by different shaped devices, which are called churns. 
Tiie methods of churning, like the process of separation, began 
with primitive methods. The ancients churned their milk, 
without separation, in bags made from the skins of animals. 
The next step in advance was to place milk or cream in bottles 
or jars, and then to sliake them. This latter method of churn- 
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ing cream in bottles is yet in use in many of the smaller house- 
holds of Europe, where the amount of cream is limited to a 
small quantity donated by cow-o\Miers. The next step toward 
churning on a large scale was to get a large wooden box or 
barrel run by power or by hand. The churns wliich are in use 
at the present* time in American butter-factories are tcTmed 
''combined churns.’^ They are so arranged as to admit of 
churning, washing, salting, and working without removing the 
butter from the clmrn. This style of churn is now being in- 
troduced into Europe. Owing to their supt'rior worth they will 
soon be in general use there as well as here They keep fli(vs 
away from the butter during liy time; the temjx'.rature of the 
butter can be controlled in the churn, and the handling of the 
butter during salting and working is obviated. 

(Y)NDITJO.NS AfFKCTIX(I TflE CnrilNAmLITV OF ( REAM. 

Temperature. — The tenqx'rature of cream is on(‘ of tlu' most 
intluential factors in determining th(‘ churnability of cream. 



Fig. 137.— The Dairy Queen combined chum. 


The higher the temperature of the cream, the sooner the churn- 
ing process will be completed. Too liigh a churning tempera- 
ture, however, is not desirable. It causes the butter to come 
in soft lumps instead of in a flaky granular form. This is 
deleterious to the quality of the butter. It causes, first, a greasy 
texture of the butter, and, secondly, it causes the incorporation 
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in the butter of too much buttermilk. This buttermilk contains 
sugar, curd, and water, which, when present together in butter, 
are likely to sour and in other ways deteriorate the butter. 
Curd and sugar should be excluded from butter as much as 
possible, in order to eliminate food for bacteria which may be 
present. An excess of curd is also favorable for the forma- 
tion of mottles.* 

Too low a temperature is also undesirable, although it is 



Fig. 138. — The Victor combined chum. 


Ix'tter to have the temperature a little low rather than too high. 
Wluai the cluirning temperature is too low, difficult churning 
is likely to occur. Cream at a low teinpt'ratun' b(H‘omes more 
vi.‘<(‘ous. On agitation in the churn such cream if it is very 
thick will adhen* to the sides of^the churn and rotate with H 
without agitating; cons(H.|ucntly no churning will take place. 
T(X) low a temperature brings the butter in such a §rm condi- 
tion that it takes up salt with difliculty, and when this hard 
butter is Ix'ing worktxl, a large portion of the water in the 
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butter is expressed, and the overrun will be lessened to a great 
extent without increasing the commercial value of (he butter. 

The degree of hardness of the fat in the co-am is the govern- 
ing factor in deciding the churning tomperalure. Tlie churn- 
ing temperature will vary a great deal in dilTercnt localities. 
The hardness of the fat depends upon (1) the setuson of the year; 
(2) the individuality of cow; (3) the stage of lactation period, 



Fig. 139. — ^The S(i|uoozrr coinbinod rliurn 


and (4) the kind of food fed to the cows. All th(\s(' ftudors 
influence the melting-point of butter-fat. The higher the 
melting-point of butter-fat is, the higlierthe churning t(‘mp(‘ra- 
ture, and the lower the melting-poim of the fat, the lower lh(‘ 
churning temperature. 

1. During the spring the cows yield milk containing a larger 
proportion of soft fats; con.se(|uently tlie churning ternpia-a- 
tiire is always lower in the spring than in the fall or ,sj(iter. 
During winter, when the cows are hal on dry food chiefly, the 
harder fats increase' in quantity, and cons^vpaailly a higher 
churning temperature is necessary during that time. 

2. Some animals produce milk containinga larger proportion 
of softer fats than do other animals. It is stiid that the* ditfer- 
ence in this respect is more mark(‘d in certain })reeds. It is 
maintained that the cows of the Jersc*y breed produce milk con- 
taining a larger proportion of the softer fats than do any of the 
other breeds. 

3. The period of laedation also affects the melting-fK)irit of 
butter-fat. When a cow is fresh she yields a larger prof)ortion 
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of the soft fats than she does later on in the lactation period. 
With this increase in the proportion of the hard fats in the 
advancement of the lactation period, the fat-globules become 
smaller. This, together with the increased hardness of the fat, 
causes difficult churning at times. It can readily be seen that 
the larger the fat-globules are the greater are the chances for 
tficse globules to strike each other during agitation in the 
churning process. 

4. The nature of the food fed affects the melting-point of 
butter to a considerable extent. Cotton-seed and its by- 



Fig, 140. — The Disbrow combined chum. 


products have been demonstrated thoroughly by several investi- 
gators to cause butter to become hard. When a large amount 
of cottonseed is fed, the butter assumes a crumbly, tallowy, 
hard condition; while linseed meal, and practically all succulent 
foods tend to decrease the melting-point of butter-faC 

According to the above it can be concluded tliat the churning 
temperature may vary between wide limits, but the average 
desirable churning temperature under normal conditions is 
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between 50° and 60° F. Any conditions which tend to harden 
the butter-fat will require a comparatively high churning tem- 
perature; and any conditioas tending to soften the butter-fat 
will require a lowering of the churning teiapcrature. The 
lower the temperature at which the churning can be success- 
fully accomplished, the more complete will be the chuiiiing; 
that is, the less fat \vill remain in the buttermilk. 



Fig. 141. — The Simplex combined churn, with worker detached. 

Richness of Cream. — The amount of fat in the cream affects 
the chumability of it considerably. The richer the cream the 
sooner will be the completion of the churning, that is, providing 
the cream is not rich enough to lie so thick as to cause the cream 
to adhere to the inside of the churn and thus escape lieing 
agitated. If rich cream is churned at a high temperature the 
butter will come in a remarkably short time, providing all other 
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conditions are favorable. Thin cream churns much more slowly, 
and can be churned at a higher temperature than thick cream, 
without injuring the quality of the butter. When rich cream 
is churned at a high temperature, and the butter comes in a 
short time (about ten minutes), the butter will usually be greasy 
in body, and will contain a great deal of buttermilk, which will 
be more or less difficult to remove on washing. When thick 
fream is being churned, the butter does not break in the form 
of small round granules, as it does w^hen thin cream is churned. 

When thick cream is churned at as high a temperature as is 
consistent with getting a good texture, the best results are 
obtained. In the first place, rich cream produces less butter- 
milk, consequently less fat wfill be lost in the buttermilk. This 
would tend to increase the overrun. Secondly, the breaking 
of the butter at the end of the churning will be such as to 
cause the granules to appear large and flaky, rather than small 
round granules* The more flaky granules of butter will retain 



Fig. 142. — The Simplex chum with worker attached. 


more moisture than the small, harder granules under the same 
Inmtment. Experiments show that when different thicknesses 
of cream (thin cream containing on an average 22% of fat, 
and tliick cream 36% of fat) are churned, there is a difference 
of about 3% in the moisture-content of the butter. The 
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average churning temperatures of cream and wash-water in these 
experiments were 56° and 53° F. respectively. 

WTicn thick cream is cluu-ned, and the temperature is 
moderately liigh, it is almost impossible to churn tlie butter 
into granules. This condition causes butter from thick cream 
to contain more moisture than butter from thin cream. 

Amount of Cream in Chum. — When the chum is alx)ut one- 
t'lird full, the greatest degree of agitation is obtained, and con- 



Fn;. 143. — Danish chums and frame for holding them. 


«eqw<»ntly a quicker churning. If a small amount of cream is 
being churned, it is often difficult to gather the butter pn)p(Tly. 

If the cream is tliin, the granules are thrown afiout in such a 
wa>^ that they are gathered with difficulty. If the cream is 
tfiick, the small amount of cream will adhere to the inside of the 
churn, and in that way delay the completion of the churning. 

It is a common opinion that less overrun is obtained fro^i^ - 
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a small churning than from a large churning. It is safe to say 
that if it were possible to maintain all conditions alike, especially 
as to temperature and degree of churning, there would be no 
difference in the moisture-content of the butter made from 
churnings of different sizes. When there is only a small amount 
in the churn, the atmospheric temperature is likely to raise or 
lower the temperature of the cream. If the atmosphere is 
wa^, then the butter from the small churning is more likely 
to fee soft. A small amount of cream in the churn is also more 
likely to be overchurned than a larger amount of cream. These 
two factors would tend to increase the amount of water in the 
butter. In mixing the salt with a comparatively large amount 
of butter, less working is necessary. Much of the butter is 
mixed in the churn without going through the workers, and con- 
sequently less moisture will be expressed from the butter. With 
the same number of revolutions of the churn the butter from 
the small churning is worked correspondingly more than the 
butter from a larger churning. Medium firm butter, to a cer- 
tain limit, losc's about .2% of moisture for every revolution that 
it is overworked in the absence of water. 

Degree of Ripeness. — The riper the cream is, all other con- 
ditions being the same, the easier it will churn. Sweet cream 
is viscous, and consequently the fat-globules will not unite as 
readily. The acid develoi)ed in the cream seems to cut or 
it‘duce the viscosity of the cream, although it causes it to become 
thicker in its consistency. Cream in an advanced stage of 
ri[)ening is brittle, so to speak. "Hhat is, if a sample of the 
proiH^rly soured civara is poured from a dipper it will not string 
but break off in lumps. 

If very thin cream is overrijx'ned, the curd is coagulated. 
When this thickly coagulated cream is churned, the solid curd 
breaks up into small curdy lumps. These small lumps of curd 
an' likely to incorporate themselves in the body of the butter 
and injure' its quality, and also its keeping quality. If thin 
cream luis been overrifX'ned, it should be strained well, and 
c^re sliould Ix' taken not to churn it to such a degree as to 
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unite the granules into lumps before the churn is stopped. By 
stopping the chum while the butter is in a granular form, the 
most of thesk? curtly specks can lye separated from the butter 
by copious washing. Somi* s{)et‘ks are likely to remain in the 
butter when the cream is in such a condition, but by following 
(he ahov(‘ plan enough of the specks cu* i)e remov^'d (rom the 
butter so thai Jl will hot injun* its commercial (piality. The 
degree of ripcmcss of cream doe*^ not hrve any effect upon the 



P'lQ. 144. — ^The cham-room in Trifolium Creamery, Denmark. 


coiiijxisition of ilu’ butttu, t‘xek*pt in inen'asing (lu* curd con- 
tent, as mentioned. 

Nature of Agitation. — I’he nature^ and degree of agitation of 
cream afiVet the ciiurnability consid(‘rably. Many difTc*nmt 
kinds of churns ar(‘ on the market at the premmt time. The ro- 
tary drunwhurns, now used almost universally in this country, 
are elaimed to give the grc*atest degree of agitation; that is, 
providing the churn revolves at a proper rate of sjK'ed. If 
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the speed is so great as to cause the cream to be influenced by 
the centrifugal force generated, rotating it with the churn, 
then no agitation will take place. Consequently the churning 
process will be delayed, if not entirely prevented. If the 
speed of the chum is too slow, the degree of agitation of 
the cream will not be at its maximum, as the cream will tend 
to remain at the lowest portion of the churn without being 
agitated. 

. the old-fashioned dash-churn the cream was not exposed 
%;^mch agitation. In Europe the upright barrel-churn with 
‘ Notary stirrers inside is mostly used. It takes longer to churn 
in this churn than in American churns. However, it gives good 
satisfaction. 

The proper speed of the combined churn,-— that is, the speed 
at which the greatest degree of agitation is brought about, — 
cannot be given here, as it varies with the different diameters 
of the churns. The directions given with the cliuriis from th(‘ 
manufacturing companies should be followed. So far as known 
the quality and composition of butter obtained from churning 
at a tow speed, and at a raj)id speed, do not vary. 

Size of Fat-globules. — Cream containing large fab^lobules 
churns more quickly than cream containing small globules. A 
more exhaustive cliuruiiig can also be obtained from cream 
containing mostly large globules. It is, however, impossible 
to obtain cream which does not contain any of the small globules. 
The minute globules are always difficult to remove from the 
scrum, whether it be in the chuniir^ or in the separation. In 
the churning there is a certain force wliich always tends to hold 
the globules in place. This foit(‘ acts in a correspondingly 
greater degree upon the Kmall globules. They are held in 
position an4 wove the crc'am is exposes! to agitation. 

Cream conlkinii!^ larger globules alloWa them to escape from 
their position with greater ease than does cream containing 
the iivinute globules. The globiJklea which are not removed from 
the buttermilk during the churning process are largely of the 
small type. 




238 


BVTTER-MAKING, 


Straming of Cream. — Before the cream is transferred from 
the ripening-vat to the churn it should be strained through a 
fine perforated tin strainer. This can be conveniently done 
during the changing of the cream from the ripening-vat to the 
chum. Special strainers are now manufactured which can 
be hooked onto the churn, and the cream can run directly from 
the ripening-vat through the strainer into the churn. This 
st railing of .the cream separates all the lumps which are 
likely to appear. It also separates any other coarse impurities 
^liic^ may be present. If these impurities were not sepa- 
rateij^' they would probably be embodied in the butter and 
cause an unsightly appearance. They would also be likely to 
injure the keeping quality of the butter, but this would depend, 
of course, upon the cliaracter of the impurities. 



Fiu. 140. — Oeam and milk strainer. 


Color, — In onler to maintain a uniform color in the butter 
during the different seasons, it is essential that some artificial 
color be added at certain times. During the latter part of 
May aiul the fore part of June the butter has a rich yellow 
color, which is accepted as the standard color of butter. This 
is often referred to as the ''June color.'^ 

There are several different butter-colors on the market, for 
which special merits are claimed. All the colors, so far as 
known, are efficient in imparting color to the butter without 
materially colofmg the buttermilk. A good butter-color should 
be a substance which does not impart a bad smell or taste to 
the butter. It Should possess strong coloring properties, so 
that very little of it would have to be added in order to 
impart the dearable color. It should not be injurious to health. 
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Some colors are prepared from the fruit of the atmato tree, 
which grows in the East Indies and South America. The flesh 
of this fruit is dissolved in some oil, such as sesame or hemp. 

Befoie any of the proper commercial butter-<^olors were put 
U|:)on the market, extracts of carrots, marigold, saffron, and 
annato were used. The yolk of eggs iu'is also Ixica used to 
some exuuit. It is said that eanol-jihce is the most healthful 
butter-color. 

The amo\int of color to adtl deixuuls upon the market 
r(‘(]uir(‘n KuUs, and uj)on the seasxUi of th(‘ V'^ar. As was men- 
tioned before, in Juik‘ litth‘ or no coloi shovild Ik* added. As 
the summer s(*ason advance^ the amount of color added can Iw 
gradually increas(‘d. During winter, while tl.e e<»ws an' on 
dry feed, the maximum amount of color is generally used. Dolor 
recjuirements of tlu' l>utter vary considerably at the sanu' season 
of the \(‘ar. Ameriean mark(ds dem/uid a higher eolor than 
}djro}>(‘an mark(hs. Th(‘ northern inark(‘ts desir{‘ a light straw 
color, while the soutla'rn markets want a d(M‘p(*r eolor, almost 
an orang(' color, The Jewish trade requires uncolored buttiT. 
Ill som(‘ of th(‘ hhiropt'an eountries no color is used. The 
luiglish marki't, whicli is the greatest ))utt(‘r market in the 
world, demands butter that has a very liglit straw eolor. The 
main object in coloring butter is to maintain a uniform color 
during tlu’ different seasons of the yi^ar. The amount of eolor 
to add during the different seasons will usually vary b(*tween 
noiK' to a tritie over two ounces for every KK) ptamds of fat. 

rhe color should be added to the cream Ixdore th(‘ churn 
has been started. If this has not berai done, the butler can 1)0 
colored by mixing the color with the salt. The salt should 
then W well distributed and wwked into the butter until the 
body of the butter assumes a uniform eolor. The chief ob- 
jection to this method is, that it is difficult to work in the color 
thoroughly without injuring tlie butter. 

When to Stop the Churning.— Differtmt mak(?rs have varioiLs 
ways of ascertaining when the churning process has Ix'en com- 
pleted. Some determine the proper churning stage by the size 
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of granules. Others by the height at which the butter floats 
in the buttermilk. Others again depend upon the appearance 
of the buttermilk. It is well to let all of these factors influence 
the operator in deciding when the churn should be stopped. 
Any one of these factors may not be sufficient indication to 
insure the proper time to stop. 

The size of the granules is the most common factor that 
^itetermines the time when the churn should be stopped. It 
has been a general rule in the past to stop the churning when 
the granules are a little larger than wheat-kernels. As a rule 
it is safer to carry the churning on a little further until the 
granules increase to the size of corn-kernels, irregular and 
flaky in shape. At tliis stage the buttermilk will usually appear 
bluish in color, and the butter is raised above the buttermilk 
a considerable distance. When the butter is churned to too 
small granules, many of them will go through the strainer into 
the buttermilk, and cause a considerable loss. When butter 
in such shape is washed in medium-cold wash-water, the granules 
continue to remain in a separate state. ^When salt is added, 
the moisture is extracted from them, and the water is likely 
to be caught in holes and crevices during the worl^hg and 
cause leaky butter. If the churning is carried on a little further, 
the granules will not escape into the butteimilk. The churn- 
ing is more complete, and the moisture will be incorporated in 
a better condition. 

Overchurning should lie^voided as much as imderchurning. 
If butter is overchurned in the buttermilk, it will retain a 
large amount of the buttermilk, which will be very difficult 
to remove by washing. Overchurning butter, especially at a 
medium-high temperature, is very effective in increasing the 
moistun^ebntent of butter, and should be guarded against for 
that reason. Butter containing more than 16 % water is not 
permissible on the American market. 

When cream is in a poor condition it should not be over- 
churned, as the incorporation of buttermilk produces a very 
rank and unclean flavor in the butter. Cream in such condi- 
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tion also contwns many undesirable germs, which, when in- 
corporated into the butter, will cause it to deteriorate to a great 
extent. When the cream is in poor condition, the chum aliould 
be stopped as early as is consistent mth the completeness of 
churning. The buttermilk sliould bf removed and butter 
washed thoroughly in good clean and pure wash-water. If 



1 2 3 4 5 

Fir, 14T,“- Bvittfir from 1 lb, of fat in cylinders, showing the effect of differ* 
ent {x^rccntajjes of water upon quantity. The wator-content of these 
samplea ranges l>etween and 


the wash“Water is added while the butteT* is in this granular 
condition, the buttermilk can l)e very effectively removed. 
If one wasliing is not sulficient, wash thn^e or four times. In 
such a case tht^ temperature should be low^ If the temperature 
of the wasli-water is high, and the butter is washed excessively, 
it will contain too much moisture when it is finished, and is 
likely to fx^ salvy. By washing with water at a low temperature 
the butter will not incorfxirate so much water. What it does 
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Fig. 148. — Butter sample, Fig. 149. — Butter sample, 

16.61% water. 15.31% water. 



Fia. 154. — Butter sample, 13.37% water; leaky, 2% brine. 

Mieroscopiral views show'iiig condition of water in butter. Fig. 1 48 shows tliat 
the water luus been incorporated in the form of very minute particles. 
Storch found from nine million to sixteen million water particles per 
cubic millimeter. Such butter appears dry and a little dull. Fig. 149 
shows the water incorporated in medium-ssmall particles. There wius 
on an average three ana three-fifth.s millions of w’ater particles per cubic 
millimeter in such butter. Fig. 160 shows condition of water in leaky 
butter. Storch found about two and one-half million water particles 
per cubic mUlimetor in butter liaving such a body. (Views by 
Storch.) 


CHURNING AND WASHING BUTTER. 


243 


incorporate in exce^ss, will, as a rule, be expressed during the 
working of the butter — a result due to its firmness. 

If the attempt is made to incorjx)rate water by working 
the butter in water after the salt has been added, while the 
butter is in a hard, granular conditiup, it will usually appear 
leaky. 

If cream is in a good condition, overchurning to a small 
extent does not produce anv bad results. The germs which 
are preseni in and well-ripened tmam are not delei<»rious 
to the kt^j)ing cjuality of the butter. Th? amount of butter- 
milk incorjX)rate(l in tlie butter is not sufficient to caus(‘ any 
bad effects iij)ori its quality. If the ci\*am is in proper condi- 
tion it is difficult to incorporate any itiore than curd 

into the butter. Wliile oven hurning is not to lie meommended. 
if it is at any tinu' desirable, it should W done in the wash- 
water ratlx'r than in the buttermilk. 

Churning Mixed, Sweet, and Sour Cream. — When two lots f)f 
cream are to lx* ehiirnc^l, one sweet and the other sour, they 
sliould be ehurned scqmrately. If the two lots of cream are 
mixed together, tlie sour cn‘am churns mon> (]uickly than the 
sw(‘et i‘r(‘ain. As a conse(iuen<;e the churn is likely to l)c 
sto})}}«Ml before the fat from the swex;t cream has Ixxm com- 
pletely separated from the serum. 

At some of the creameries conditions are such that the 
operator may tempted to mix the two lots of (Team. Where 
sweet cream arrives at the creamery just previous to churning 
time, it is advisable not to mix the sweet cream with the sour. 
It is, as a rule, IxdtiT to earry the sweet cream over to the 
next churning, or, if nece.ssary, churn it sciparately. 

Difficult Churning.- -Difficult churnings in cn;ameries arc 
not very common. In farm butUT-making it is more fre<|ucnt. 
kipecially is this so in the fall. At this time the cows are 
usually well advanced in the jx^riod of lactation, and early in 
the wdnbT they are often hxl on food which causes hard butter- 
fat, as described under “Effect of F(Xk 1 upon Fat.'^ In the 
fall or early winter, a large portion of the milk is usually obtained 
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from strippers, or cows almost dried up. Such milk contains a 
large portion of the small fat-globules. Difficult churning 
resulting from such conditions can usually be remedied by 
ripening to a higher degree of acidity and churning the cream 
at a higher temperature. 

Complaints are occasionally heard of difficult churning 
which cannot be remedied by such treatment. Sometimes 
cream froths, and will not agitate in the churn. Such a frothy 
condition has in some cases been found to occur even though 
the cream may seem to be in an ideal condition for churning. 
It is believed by some, notably Hertz, that such a condition in 
the cream is brought about by a disease of the cow. Weigman 
has studied and isolated a ferment which caused a soapy condi- 
tion of milk and cream. It is possible that such exceedingly 
difficult cases in churning may be due to a disease of the cow, 
and it may also be due to certain ferments that produce a soapy 
condition of the cream. 

If thick cream at a very low temperature is put into the 
churn, it sometimes produces difficult churning. When such 
cream is first agitated in the churn it incorporates considerable 
air. This air, together with the various gases developed at a 
low temperature does not readily escape. The viscosity of 
it is so great that it will not release the air present. As a 
conscH]uence it assumes a stiff consistency, much the same as 
the l)eaten white of an egg. If cream froths in the churn as 
mention(Hl, a little warm water tlirown on tlie outside of the 
churn will often start the agitation of the cream within. If 
a combined churn is used the rollers may be put in gear, and 
tlie churn revolved in slow gear, Tliis will often start the 
cream to agitate. If these two reme<lies are not sufficient, a 
little waU^r, lake-warm if necessary, may l)e added directly to the 
cream. By letting the churn stand a short time, the cream will 
usually condense into a liquid form ^ain, and many times the 
churning process can then be completed. This latter method, how- 
ever, usually requires more time than can be profitably spared. 
If the churning difficulty is of a serious nature the remedies are: 
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(1) If produced by a certain cow, or herd, find out whether 
it is produced by a fermentative process, or by other abnormal 
conditions of the cow, 

(2) Change the food of the cow, A succulent food will 
usually cause the cow to secrete more milk, and of a different 
nature. 

(3) If produced by a ferment, endeavor to control the fer- 
mentation as preAoously described. 

(4) llipen tlie cream to a higher degrt^e of acidity. 

(5) Skim thicker cream and churn at a liigher tempera- 
ture 

The last three methods will cure most cases of dithcult 
chiiruings. 

Keeping Chum Sweet. — It has been mentioned bt^fore that 
butter absorbs fomign odors very readily. If the chum is not 
kept in a pure, sw(vt condition, the butter will be exposf^d to 
the undesinible odors and its commercial quality will be im- 
paired. The best butter cannot be produced in a foul-smelling 
churn. As churns often are not used every day, they very 
readily assume this impure condition, and it is essential that 
special care be taken in keeping them clean. 

The (>est method of keeping churns in good condition is 
to rinst^ the churn in two sets of scalding water at the end of 
each churning, then rinse in cold water and dndn. Some 
prefer to turn the churn over with mouth down. Others prefer 
to allow the cover-hole to turn up. Neither of these methods 
is coiLsidered the most desirable. When the churn is turned 
with the cover-hole down, the retnaining steam on the inside 
of the churn will not esca[>e. It will condense inside of the 
churn, and cause the churn to remain in a damp condition 
overnight, or even longer. By turning the chum with the 
cover-hole up, the dust and other impurities from the atmos- 
phere are likely to fall into the churn. The best method is to 
turn the churn over so that the cover-hole points to one side. 
The chum should be thoroughly drained first, otherwise some 
water will remain in the bottom of the churn. When the 
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chuni is left with the cover-hole at one side, the steam can 
escape, and the heat absorbed from the wash-water will dry 
the churn thoroughly. Some makers do not rinse the churn 
with cold water. They simply scald the churn, or steam it, 
and then let the churn stand and dry. If this method is fol- 
lowed for any length of time the churn is likely to be short- 
lived. The wood will, in a comparatively short time, get spongy. 
Such a condition will cause the churn to rot in a shorter time, 
and it will also allow the cream to enter the cracks and pores 
(rf the wood, making it more difficult to keep the churn in a 
sweet condition. If the churn is rinsed with cold water the major 
portion of the heat has been removed and still enough left to 
effectively dry the churn on the inside. 

Some makers i)refcr to keep the churn in a good condition 
by sprinkling salt on the inside after washing. This is not to 
be recommended, as all churns contain more or less iron-ware 
on tlie inside. Salt, while a good germicide, causes the forma- 
tion of rust on all iron with wliich it comes in contact. After 
a time this rust will scale off to a certain , extent and become 
incorporated with the butter. 

If the churn is treated daily in the manner described above 
and then at the end of the week treated with slacked lime, the 
churn can b(' kept in a good sweet condition. The lime should 
be freshly slacked and in a liquid condition when put in the 
clnirn, A pailful or two of this fluid will be sufficient for each 
churn. By rotating the churn a few times the lime will be 
spread all cn^er the inside of the churn. Let the churn remain 
in this condition until ready for use again. When ready for 
use, put in some warm water, an<l the lime will readily come 
off. Hut if it has l)een allowed to remain in the churn too 
long, it will form a lime carbonate, and will Ik? more difficult 
to rtunove. 

lime is one of the best disinfectants and deodorizers that 
can be us('d in a creamery. Some of the best butter-makers 
use it every day on all the wooden utensils, such as on butter- 
workers. churns, etc. Lime can be used more advantageously 
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in American creameries than it is to-day. Many creameries 
would be in a much sweeter and purer condition if they were 
given a good coat of wdiitewash on the inside once a month. 
Refrigerators, wooden utensils, and rooms ui any kind can be 
kept in a good sweet and pure condilioTi by whitewashing or 
sprinkling a little lime on them. 

Washixg oi Bunn.a. 

Purpose of Washing. — The (*hief object of \/ashiiig butter is 
to remove as much buttermilk as })ossible. The more' impure 
the cream is, the great<T is the im])ortance of getting the butter 
thoroughly washed. In the winter, wlu^n it is cold, and tl e 
cream is in good condition, some makcTs do not wash the 
butter at all. But this is not a safe m(‘thod. The nmioval 
of the buthTUiilk constituents should be as comph^te avS con- 
ilitions will peimit. 

Temperature of Wash-water. — Tlie t(‘mp('rature of wash- 
wat(‘r should Vh‘ as nearly lik(^ that of the cream when churned 
as is consistent with th(‘ otluT coiiditions. l^lxtreme and rai)id 
cliaiiges in temperatuix^ should always be avoided. Occasioiially 
it is necessary to use water that is colder- than the cream. At 
other times it is necessary to use wash-water at. a higher tem- 
perature than that of the cream. If the butter chur-' soft, 
do not use ice-(;old wash-water to chill the butter, as it has a 
t(‘nd<mcy to give butU'ra tallowy ap[M‘arance. Neither should 
hard l)utter be quickly softemed by using wash-water at a very 
high temp<‘ratiire, as it is likely to cause the butter to assume 
a greasy and slushy texture. If it is necessar}^ to change the 
degree* of hardness of the butter, change it gradually by using 
water at a moderate temperature and allowing the butter to 
])e in contact with it a longer time without agitating it much. 

Unless the butter is of v(*ry poor quality, excessive washing 
should Ik? avoided. C'old water is said to absorl) a considerable 
jK)rtion of the flavoring substances. If tlie quality of the 
butter is poor, many of the undesirable flavors and odors are re- 
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moved by excessive washing; while if the butter has a fine, rich 
flavor, it should be retained, and not extracted by washing 
the butter more than is needed. No definite temperature can 
be given, as the temperature of wash-water must vary accord- 
ing to the hardness of the butter when churned. 

If the temperature of the wash-water is too high, and the 
churning in the wash-water is continued a very long time, much 
water will be incorporated in the butter. If the butter is quite 
firm in the first place, and the temperature of the wash-water 
is not above 60® F., there is not much danger of getting too 
much water in the butter. Rapid changes in the degree of 
hardness of the butter in the presence of water are conducive 
to a high moisture-content. Very soft butter chilled in very 
cold water, and hard butter softened in very warm wash-water 
are two conditions which should be avoided. 

Kind of Wash-water to Use. — In the washing of Imtter, 
it is v('ry essential that water used should be the best obtain- 
able. The creamery water-supply is evidently much better 
now than it was years ago. Pond-wells and shallow wells are 
gradually passing out of existence, but there are yet many 
shallow wells from which water is drawn for creamery purposes. 
Water from wells may appear to be pure, and yet contain 
germs which are deleterious to dairy products, and esjjecially 
to the keeping quality of butter. That water of average purity 
contains such germs has been demonstrated in this country, 
as well as in foreign countries. Shallow well-water contains 
on an average about ]5,{KX) germs per cubic centimeter, but 
Miquel has found that a rapid power of multiplication charac- 
terizes the bacteria in pure spring-water, while in impure water 
the multiplication is slower. Water containing only this many 
germs is, as a rule, considered very pure. Most creameries, 
however, pump their water into a tank overhead in the creamery, 
w’here it is contaminated with bacteria and impurities of different 
kinds. 

Shallow wells are usually surrounded with conditions which 
do not guarantee a creamery pure water during the different 
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seasons of the year. In the spring, when rains are frequent 
and heavy, unwholesome surface-water is likely to seep in 
through the sides. Such w-ells may also serve as traps for 
small animals. The presence of an animal in the well is sure 



Fio. 1 51. — The shallow barnyard well with privy-vault and manure heap* 
near by. The water is likely to be contaminated from these any time. 
(Farmer’s Bui. No. 43, U. S Dept, of Agriculture.) 

to cause imdesirable odors and a multitude of undesirable and 
putrefactive organisms. 

Water from deeply drilled wells, even if it is pure in so far 
as its germ-content is concerned, is in many cases turbid and 
sandy, and needs to go through a process of purihcation as much 
as does the shallow well-water. 
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Methods of Purifying Wash-water. 

There are two practical and effective methods of purifying 
wash-water, viz., (1) Filtration, and (2) Pasteurization. Which 
of these two methods is the most practicable and the most 
effective in the creamery depends upon the conditions and 
upon thf' quality of the water. In the case of water from deep 
wells, wiiich contains little or no organic matter, but at the 
same time is infested with undesirable germs, pasteurization 
is perhaps more expedient. Filtration, if the same degree of 
thoroughness is to be reached as in pasteurization, is a com- 
])aratively slow process. Pasteurization of wash-water is a 
trifle more expensive than filtration. Wash-water can be 
pasteurized at tlu' same time that the churning is being done, 
thus (‘conomizing in time and fuel. Pasteurization is quite 
(‘ffective in nuidering the water germ-free, but it is not so 
eff(‘ctive in nuuoving any organic matter or other tangible 
impurities whicJi may be ])r(‘S(‘nt. If tlie creamery does not 
alr(‘ady have a pasteurizer, filtration can be employed very 
profitably, and under average conditions it will perhaps give 
the b(‘st n'sults. 

Filtration. — Filtration is iiKwjKmsive, and is a very efficient 
method of purifying wash-water. It seems strange that bacteria 
can be removed from water by jiassing tlirougli layers of sand, 
gravel, coke, and charcoal, but such is the case. Filtration 
is applicable to all kinds of water; even if the water ajipears 
pure, it is well to filtxT it. Fewer genus and fewer varieties 
of micro-organisms are apparently found in deep well-water 
than is the (uise in water fi*om surface-wells; hence the ferments 
which are present will have a free field for developing in the 
absence of competing fonns. If a sample of water which is 
rich in micro-organisms is vicrfcntly shaken with a certain amount 
of charcoal, coke, chalk, or similar sutetances, and then left 
for a time to settle, the pure layer of water at the top will be 
almost entirely free from germs, and in some cases entirely 
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sterile. It used to be thought by older German investigators 
that these different filtering substances had almost miraculous 
power of removing organisms from water. 

The factor which are to be considered in successful filtra- 
tion are: 

(1) Storage capacity for unfiltend water. 

(2) Constru(‘tion of filter-beds. 

(3) Rate of filtration. 

(4) Renewal of filter-beds. 

(1) Concerning the storage capacity, nearly all creameries 
have ‘-torage-tanks overhead in the enriinery; so far as that 
is concerned, however, filtratio!i can be successfully carried on 
continuously as well as intermittently. 

(2) The construction of the filler-bed used in the experi- 
ment carried on at tlu* Iowa ]".xpeninent Station, Anies,Towa, 
is as sliown in iMg. lo:i. The approximate' pro[){)rti(mate 
depth of ('ach layer in the bed is as follows, beginning at 
the bottom: 

Tw(» inches small flint stones; 22 inches fine sand; 12 
inches fine' coke; 9 inches charcoal - 2 inches fine stone or coarse 
gravel. Thi' laye'r of fine sand should not be less than 15 Inches. 
It has Irei'u asserted that a few {)ie(*es of old iron mixed in 
the filter-fved are Ixaiefieial. Alum, lime, and co})}X‘ras have 
})een recommeii(i(‘(l for clarifying and deodorizing ver'- impure 
water. As these substanei'san' soluble they should not be used 
in filter-l)eds, which arc intended for the filtration of water 
for [)otal>le purposes. The filtering-can was made from 22 
gaKanized iron. The lu'ight of can is 48 imdies; diamefi'r, 
]S incla's. The bottom of the can is slanting towards the 
fauc(4, or o|X'ning. Thas no wafer is pf^rnitted to stand on 
the bottom and afford opportunities for gt'mus to accumulam. 
On the inside are thn'c plates. One lies horizontally, near the 
bottom, and upon it the filtering-material rests. Another lies 
on the top of the fine sand. Both of these plates were per- 
forated with many small holes. Near the top is plat^ctl a 
concave plate with a hole near the center. This plate directs 
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all the water to the center of the filter-bed, and thus the water 
gets the full benefit of the filtering process. The total cost of 
this filtering-can when complete was $11.11. 




Fio. 152. -Filter-can: 1, overflow; 2, inlet of tap-water; 3, outlet of filtered 
water. 

Fig. 153. —( Vo8s~«ection of filter-lml and can: 1, overflow; 2, inlet ; 3, out- 
let of filtered water; 4, })erforated Ralvanized-iron plate; 5, j)erforate<l 
galvanizeti-iron plate; 0, conca\'e galvanized-iron plate with hole in 
center. 

(3) The rate of filtration is necessarily governed !)y the 
depth of the filter-lx'd, the character of the material used, and 
its fineness. The water passes through the charcoal coke, 
and gravel quite rapidly, yet the substances are ver>^ strong 
barriers to the passage of micro-organisms. The sand layer 
d(K\s not admit of so rapid filtration. Fine .sand, liowever, is 
oni' of the l)est filtering sul>stances that can l>e had. The rate 
of filtration can lx* regulaUxl by increasing or decreasing the 
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depth of the fuie-sand layer. lu a general way, the slower the 
rate of filtration is, the more thorough it is; and, vice versa, the 
more rapid the rate of filtration, the 0101*0 incomplete is the 
removal of the bacteria. If the iilter*bf d is constructed as 
desorilied above, the rate of filtration will be about 18 gallons 
pier hour, and about of all the gerni^ present will be removed, 
together witli the impurities present in suspension. 

(4) The filter used at the Iowa ^•Lx{leriment Station was in 
constant use for aliout thme month;^ without having been 
changed. At the end of this time it did as efficient work as 
at any firevious time. The length of time a filter-lx^d can be 
used without lK‘ing changed (le[H‘nds upon the purity of the 
water to filt(‘red, and also upon which kind of filtration is 
us('d, the continuous or the intermittent. The more impure 
the water whieh has to be filtcTcd, th(‘ oftener the filter-lx'd 
should be changed. Whcn(‘ver tlu^ rate' of filtration is decreased 
to such an ('Xt(‘nt as to make the process impracticable, the 
filter-lxHl slioiild be taken out and eleaiKHl. If the water 
to he filtered is of av(‘rage j)urity, a change of the filtering-mate- 
rial once ev(‘ry four months is ordinarily sufficient, no matter 
whether continuous or intermittent filtration is used. A 
filter-b('?l may <lo efficient work even a longer time than this. 
The same fil tiling-material can he used again providing it is 
thoroughly washed })revious to replacing it in the filtering-can. 

Kinds of Filtration. — The two kinds of filtration 111 use are 
(1) ('ontinuous, and (2) Intermittent. 

By the continuous methcKl of filtration the inflow of water 
into the can is constant during night and day. The stream of 
water admitted into the filt(*r-can is sufficient to cause the 
surface of the filter-lx^d to Ixi covered with water all the time 
This method excludes all oxygen from the filter-lx^d, except 
that which is in solution in the water. 

During the proce.ss of filtration a slimy coat is deposited 
on the fine sand. This seems to be the real agent absolutely 
necessary in order to eliminate bacteria by a process of filtra- 
tion. A filter-bed without this slimy deposit on it simply takes 
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out the coarse organic and inorganic matter held in suspension, 
without removing the bacteria. If some bacteria are removed 
with the matter held in suspension, others are carried along 
from the filter-bed. Owing to tliis, a new filter-bed must be 
kept in operation a few days before the filtered water can be 
considered pure and ready for use. The following table illus- 
trates how the gerrn-content of water is decreased as the process 
of filtration is carried on during the first few days : 

Filtered Un filtered 

I Water, Tar)-water, 

Germs per Germs i>er 


c. c. c c. 

No. 1. Taken when filter-bed was first used 20,000 107 

“2. ‘‘ " '' had worked 1 day 860 118 

“3. “ 3 days 370 96 

" 4. 5 “ 48 54 

5. “ 7 3 73 

6. 9 5 89 


It will be seen from the table that during the first three 
days the filter-b(Hl was in use the filtered water contained more 
germs than the unfiltered. Good results were not obtained 
until the seventh day. In order to be on the safe side it is 
best to (‘xposc the filter-bed to continuous filtration for about 
nine days before the water is used. 

The slimy coat referred to above is formed by certain germs. 
These germs then constitute the real agent of filtration. In 
order for these micro-organisms to do efficient work oxygen 
is essential. Well-water of average purity contains enough 
oxygen in solution without employing an intermittent process of 
filtration, and consequently for creamery purposes the con- 
tinuous nudhod of filtration is to be recommended. 

Intermittent. — The intennittent process of filtration is used 
where comparatively impure water is l)iang purified, such as 
in purifying water for large cities. If the continuous process 
of filtration were employed in such instances, the filtered 
water would not he free from germs, due to the fact that impure 
river-water dmvs not carry enough oxygen in solution to supply 
the germs wliieh form the real filtering agency. 
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If the intermittent process is used, the first water filtered 
after the intervening period should not be used. During the 
intermission, or during the time tJiat the watei is siiut off, 
germs develop and come througli the fiJtei-bed with the water 
that is filtered. 

Advantages of Purifying Wash- water for Butter, — The cliief 
advantage of purifying wash-watei for butter is that the keeping 
v|uality of the butter is improved, and if the pi-oper skill and 
care have been applied in the other steps of manufacture, a pure 
sanitary product is obtained. The sanitary efficienc3=^ reachtnl 
}>v purifying the wasli-vvater constituk*s no small consideration. 
(cTins j)roducing contagious diseases are thus checked from 
spreading. 
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SALTING AND WORKING OF BUTTER. 

Objects of Salting. — The chief objects of salting are: (1) 
to impart a desirable flavor; (2) to increase the keeping quality 
of butter; and (3) to facilitate the removal of buttermilk. 

Amount of Salt to Use to Produce Proper Flavor. — The proper 
amount of salt to use in order to impart a desirable flavor 
depends chiefly upon the market. Some consumers prefer a 
medium high salt^content in butter; others, again, like butter 
which contains very little salt. The English market demands 
rather light-salted butter. In fact, this is the case with prac- 
tically all European markets. American .markets, as a rule, 
demand comparatively high-salted butter, as much as will 
propc'rly dissolve in the butter. Parisian markets and some 
maikets in southern Germany require no salt in it at all. The 
salt-content of butter may vary between nothing and 4%. 
Butter containing as much as 4% salt is, as a rule, too Ixighly 
salted. When it contains this much salt, part of the salt is 
usually present in an undissolved condition. Those who hke 
good butter prefer butter that contains the salt thoroughly 
dissolved and well distributed. 

The amount of salt to be added should be based upon the 
least variable factor. Some creamerymen measure the amount 
of salt according to the amount of cream in the churn. While 
the box-churn and Mason butter-worker wem l>eing used, many 
makers preferred to weigh the butter as it was transferred from 
the churn to the worker. The method mostly in use now, and to 
be it'cornmended, is to base the amount of salt upon the number 
of pounds of fat. The amount of salt to use per pound of fat 
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varies, therefore, according to the conditions mentioned below, 
and also according to local conditions. Usually from half 
an ounce tx) one and a half ounces of salt per pound of butter- 
fat is most suitable. In whole- milk creameries the salt is 
often estimated per hundredweight or per thousand pounds of 
milk. 

To get the butter salted uniformly from day to day is very 
im}X)rtant, as a small variation in the salt-content has a greater 
effe(‘t upon the quality of butter than has a small variation 
in any of the other butter constituents. A variation of 1% 
to ‘^^7 in the salt-content can very easily be detected by the 
cofisunier, while that much variation in any one of the other 
constituents could not ix? readily noticed. 

The conditions upon which the proper amount of salt 
depend are: First, ilie amount and condition of Uxoisture in 
the l)u(t(T at th(‘ time the salt is ad<led. If there is a great 
deal of Ioos(; moisture in the butter, more salt is necessary. 
This is due to the fact that the salt will go into solution in the 
water and be express<xl during working. Secondly, it depends 
upon the amount of working the butter receives, and at what 
time the bulk of working is done, after the salt has added. 
If the l>utter is medium firm, moisture in the form of brine 
is l>eing expn^ssed during the working. Consequently, tlui moie 
butter is worked, up to a certain limit, the more brine is fx?ing 
expresse^d, and the more salt should be added to the butter. 
Tlurdly, the amount of salt to add depends also upon the size 
of the butter granules at the time the salt is being added, and 
t)H‘ hardness and softness of the butter. If the granufe are 
very small and quite hard, they lake salt with difficulty. The 
salt attracts also more moisture from these small granules than 
from larger ones, which wiJl ewape in the form of brine. 

If the butter is present in a rather soft, lumpy condition at 
the time the salt Is added, and there is no water in the churn, 
very little salt is wasted in the form of brine, consequently 
less salt is necessary in the first place. 

It is undoubtedly due to these facts that the salt-content 
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and the condition of salt in butter vary so much at the different 
creameries; they even vary considerably from one churning 
to another at the same creamery. If conditions are uniform 
in the creamery from day to day, the amount of salt to add 
to butter, and the amount of salt retained in the butter when 
finished, will be comparatively uniform. 

It should be mentioned in tliis connection that butter made 
from very good cream should not be salted too heavily. Butter 
made from a rather poor quality of cream may be salted corre- 
spondingly heavier. This is due to the fact that the heavy 
salty taste covers some of the undesirable flavors in the butter. 
If the butter-flavors are good, they should not be liiddcn by 
a heavy salty taste. If the butter-flavors are poor, then it 
may b(‘ policy to partially cover them up with a medium-heavy 
salty flavor. 

. Effects of Salt upon Keeping Properties. — llmt salt is anti- 
septic is no longer a doubt. It has been domonstrated in 
laboratory work with butter that the growth of certain germs, 
isolated from butter, can be completely checked by the addi- 
tion of a certain amount of salt to the medium in which they 
are inoculated. Ik)uska * found that a yeast isolated from 
butt(‘r showed luxuriant growth in a medium containing 2% 
of salt in forty-eight hours, and only a trace in 4% of salt. 
Th(‘ sanu‘ germ showed only a trace of growth in a 6% salt 
medium after five days. 

Th(' onlinary bread-mould, PenidJlium glaucum, was iso- 
lated from butter and showed noticeable growth in a 9^' salt 
UK'dium in two days, and only a trace in a 10^ solution during 
the same lime. A spore-bearing bacillus isolated from butter 
produced only a trace of growth in a 4^ ; salt medium. No 
growth occurred at all in a medium containing iV'[. of salt. 
.\nother gas-producing organism was also isolated from butter 
and only a weakened growth was produced in a medium con- 
taining of salt. 


♦ Iowa Ex. Sta., Bui. 80. 
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If it were practicable and consistent with the demand of the 
consumers, so far as the keeping properties of butter is con- 
cerned, it would l)e advisable to salt butter as liighly as 
This much salt would tend to a large extent to check deterio- 
ration of the butter due to bacterial growth. 

That salt promotes the keeping nuality of butter has also 
been demonstrated in a practical way during t!ic Iowa Educa- 
tional Contest in 1903. Fifty sample^ of butter containing 2J% 
or more of salt were scored off in New York, on an average, 
2.38 points, while the remaining 171 siimples containing less 
than 21 % salt were scored off 3.54 points on an average; a 
difference in favor of the keeping quality of high-salte<l butter 
of 1.16 points. Most American markets demand a salt-content 
of a))Out 2 \% in th(^ finished product. 

Salt Facilitates the Removal of Buttermilk. — That salt 
facilitates the nmioval of buttermilk caii easily be demon- 
strated by observing the escape of buttermilk from the butter 
imiiKHliately after the salt has been added and mixed with the 
butter. The first effect of salt when added to the butter is to 
pn'cipitate the curd in the buttermilk. This precipitation is 
greater when a large amount of salt is added than wium only 
a small amount is added. The precipitation of th(‘ casein in 
the buttermilk sets free the remaindcT of tlu^ buttermilk con- 
stituents; that is, when the casein is ])recipitated, the whey 
part assumes a more fluid condition and (‘scap(‘s, and the butter 
nUains a portion of the curd. Owing to this action of the 
salt, it is essential that tin* butter should be as completely 
washed as ix).ssible, as otherwise it will retain an exc(‘ssive 
amount of curd. The butter acts in a manner somewhat 
.similar to a filtxT in removing a part of the curd from the other 
buttermilk constituents. 

Salt in Relation to Water in Butter.— Experiment has dem- 
onstrated that pure fat is not a salt-dissolving substance. 
Owing to this fact the only salt-dissolving substance in butter 
is water. As water hold only a certain amount of salt 
in solution, it becomes evident that the amount of salt which 



260 


BUTTER-MAKING, 


can be properly incorporated in butter depends upon the amount 
of moisture present. 

The amount of salt which water will hold in solution at 
different temperatures varies somewhat according to differ- 
ent investigators. According to Gerlach * water will dissolve 
35.94% salt at 58® F. This is approximately the temperature 
at which salt is worked into butter. Theoretically, butter 
containing 15% of water should be able to properly dissolve 
bA% of salt. Butter containing 13% of water should be able 



Fro. 154. — Action of salt solutions of different strength on the proteids of 
buttermilk. (Bui. 263, Gen., N. Y.) 


to properly dissolve 4.68% of salt, and butter containing 10% 
of water should l)e able to dissolve properly 3.6% of salt, etc. 
According to experiments conducted at the Iowa Experiment 
Station the maximum per cent of pure salt (NaCl) that could 
be properly dissolved in water of butter containing 16.92% 
of moisture, when worked 18 revolutions at intervals during 
two hours, was 16.57%. When butter was worked the same 
number of revolutions at intervals, and was allowed to dissolve 


• Kemiker^Kaiender, p. 219. 
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only one hour, the amount of pure salt (Nad) tliat was dissolved 
in the water of the butter containing 11.58% moisture was 
14.09%. This undoubtedly will vary with different brands 
of salt. 

It will thas l)e seen that the property of water to take up 
salt is soemiiigly lessened when the water is present in a state 
of minute division, as it is in buitcr. In the first instance 
quoted the butter completely dissolved about 2.7% of pure 



Fia. 155. — Volumes of the same weight of salt of various brands. 
(Bui. 74, Wis.) 


salt; and in the second instance it dissolved only about 2% 
during one hour. 

Condition of Salt when Added.— The condition of salt when 
added is a very important question to consider in order to get 
enough salt- properly incorporated. The amount of influence 
which the quality of the salt has upon flavor has recently Ix^en 
a subject of attractive interest, for many of our best butter- 
judges have made the charge that certain undesirable flavors 
in butter can be traced to the use of a poor quality of salt. 
This assumed effect upon the quality of the butter can only 
be remedied by stopping the use of impure salt. The chief 
undesirable and impure constituent present in salt is magne- 
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siuni chloride. It is known positively that the presence of this 
substance in salt, even to a small extent, imparts a bitter flavor 
to butter. Salt containing a large amount of this and other 
impurities also absorbs moisture from the air more readily 
than does pure salt. According * to analysis of the best dairy 
salt in use in Denmark, the composition is as follows: 


Pure salt 97.49 

Magnesium chloride 18 

(lypsum 05 

Sodium sulphate 21 

Water 2.07 


100 . 00 ' 

The purest American dairy salt has the following composi- 
tion : t 


Pure salt (NaCl) 99.18 

Magiu'sium chloride (MgCl 2 ) ' 05 

(lypsimi (calcium sulphate, CaS 04 ) ^ .54 

('alcium chloride (CaPU) 19 

lns>luble matter 03 

Moisture 01 


100.00 

In order to judge the quality of salt the butter-maker 
cannot irly on the chemical analysis for a detection of im- 
purities, but must judge the quality from its appearance, 
flavor, and odor. Good dairy siilt does not have a dark-bluish, 
coarse, granulated ap])('arance, but a clean, white, silky look, 
and should dissolve cpiickly. Salt should be kept in a clean 
dry place free from odor. 


♦ MaoIkeriUruget , Denmark, 

t Bui. No, 74. Wis., by F. W. WoU. 
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Gritty Butter. — ^'Gritty butter'^ is a familiar j)hrase used 
by expert butter-scorers to indicate tliat part of the salt is 
present in an undissolved condition. To most consumers this 
condition of the salt in butter is objectional h‘. When j)roperly 
incori)orated, salt should be present in tla^ form of a solution 
in tlu‘ bultcT. The gritty condition of the salt in butter may 
be due to (1) poor condition of th< salt before it is added to 
the butter; f2i adding so much salt that it cannot be dis- 
solved by the water in the butler, Th(' maximum amount 
of salt tliat butt(‘r will dissolve d^ojK^rals ipxai the amount of 
moisture present. Tlu' maximum amount of moisture per- 
missibh^ in butter, as limited by law, is If/ < . Th(‘ condition 
of th(‘ water in butter j)r(‘V(‘nts the wa((‘r from lu'ing saturated 
with salt during the comparatively short time allowtni for salt 
to dissolve during J/he manufacture of butt(‘r. (d) Insuflicitmt 
working. If the butter is not workcal (*nough to distribute 
the salt evenly, sorru' portion of the butba* will contain more 
than the other portions. The portion that contains the excess 
of salt do(‘s not have (mough moist\ire to dissolve the salt; 
while if the salt had btnm evenly distributed in the butter, all 
th(' salt would have been prof)crly dissolved. When gritty 
buttfT is caused by insufficient working, it usually mottles. 

Mottled Butter. — Mottled l)utter is butter which is uneven 
in color. This unevenness in color may be due to several 
different causes. It may Ixi due to sp(‘cks of curd {s{)eckled 
butter), and it may be due to certain organisms (dappled 
butter). I'hese causm of mottled butter an* not very com- 
mon in factories where tlie manufacture of butter is [)roperly 
carri(‘d on. 

The most common fault of mottled butter is the imj)roper 
incor{K)ration of salt and the presence of an exc(*ssive amount 
of buttermilk. Mottled butter caustnl in this way is com- 
mon. It would bci of much commercial importance if it were 
possible to prevent its occurrence. In case all the water 
had lx?en saturab^d with salt, and there is still undissolved 
salt left, then the granular or undiasolved salt will cause no 
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mottles. The most important thing to observe in order to 
prevent mottles is: (1) to have the buttermilk well washed 
out; (2) to have the salt thoroughly dissolved; and (3) to 
have the brine properly distributed. 

Jiec(mt work by J)rs. Van Slyke and Hart show that if the 
proteids are tliorouglily washed from the butter, mottles cannot 
be produced, no nnittcr how unevenly the salt is distributed. 
Complete reinowal of tlie buttermilk by washing is one of the 
essentials in order to prevent mottles in butter. 

The mottles caused by improper incor})orati()n of salt assume 
two (liffercmt forms, viz., mottles proper, and wavy butter. 
As has iKarn mentioned IxTore, the mottles result from un- 
dissolved salt. AMienever there is undissolved granular salt 
})reseiit, the rnoistuix^ is attracted and the color deepened at 
that particular place. In case th(‘ water has already been 
saturated with salt, there is no dangcT of hiottl(\s, no matter 
how much gritty salt is })resent. 

Wavy butUT is caused by an uneven distribution of the 
briiu‘. If a littk* salt is added to the butter and dissolved 
without working the butter sufhcientl\% the salt will go into 
solution in c^a-tain portions of the water. This water contain- 
ing the great(‘st amount of salt will produce a high color in 
certain portions of the butter, while the portion containing 
water with less salt will have a lighter color, thus causing 
stnaiks in the butter. 

In cas(‘ butUa* has become mottled on standing, the mottles 
can b(‘ (aitirely eradicated by reworking the butter. Though 
some of the moisture is lost during this rewmrking proct*ss, 
it is usually advisable to rework tln^ iiutter rather than to 
])luc4^ it on the mark('t in a badly mottled condition. The 
mottles should, how^ever, U* prewented rather than cured. 
This can Ik" done by sufficient working while the butter is in 
projKW condition, and at tlie proper time. 

Brine-salting. — Brine-salting is not as a rule practiceti in 
creameries. It is too expensive a method of salting, and also 
too laborious. By salting butter with brine it is hardly possible 
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to get in salt enough to suit the American butter markets, 
2 % being al>oui the nmxinium amount of salt that can be 
incorporate'! by the brine mellxKi. 

Tn some instances, brine-salting has be<' i rtH-onuneoded. If 
a light mild taste is desire<?, the brine metiu'd may give good 
results. The greatest advantages of brine-salting are that 
mottles in butter are practically avf.ided, and tliat the over- 
run is iisiiall> increavsed a trille. lt<sp(‘cially is this so if the 
tern }>tu‘at lire (T the brine is i>iedium liigh vviieii added to the 
butt(‘r. In order to get enough salt [ 2 ^'^) into the butter by 
tlu' brine method it is necessary to churn it considerably in 
lh(' brine and to use tv o sets of brine. When brine is first 
add(‘d the butter airt'ady contains considerable water. This 
water practically has to be replaced by brine. I'his is difhoult 
to do, (‘Specially if the butter has been ovc'rchurned a trifle. 

Hv churning the butter in the first set of brine, the brine 
vill soon b(‘come diluted to such an exhait that it will impart 
but littl(‘ saltiness to th(' butter. For this reason this first 
s(‘t of brine should he removed and another one addeni. Then 
churn again ifi this brine. 1'his last set of brine will have 
v('ry little curd in it, and can b(‘ saved until the following day 
and th(‘n used as the first s(d of brine. This first set of brine 
may l)e o.^ed each day for soaking tubs. 

It is (‘ssential to leave the brin(‘ on the butt(‘r for from five 
to fifteen niinutes. (diuniing excos.sively in the btine, espe- 
cially if butter is medium soft, will cause too much water to 
be incorporated in the butter. After th(‘ butter Inis been ex- 
pos(‘d to the second set of brine the i)rop(T length of time, it 
shoiild b(' drawn off and the butter worked in tlie usual manner. 
Less working is usually given to butter which has l>e(‘n salted 
by the brine method. It should l>e worked enough to dis- 
tribute the brine evenly in the butter, and to bring the butter 
into a compact form. If the butter salU‘d by the brine inethexi 
is not worked sufhdently, it will after standing become streaky 
in color. ^ 
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Working of Bi^er. 

Objects. — The objects of working butter are: 

(1) To (Ustribub' the salt and ])rine evenly in the butter. 
The number of revolutions in the churn necessary to accom- 
plish this will vary somewhat according to the conditions of 
the butt(T, and according to the kind of butter-workers em- 
ployed. If the butter is of medium firmness, about 12 revolu- 
tions in the Victor Combined Churn wall usually distribute the 
salt prop(*r]y, providing the wwking is wtII distributed ov(t the 
working period. It used to be, and is still, the })ractice in 
creamerk^ to add the salt wdiile the buttcT is in a hard granular 
condition, and tlum rotate the churn several times in slow^ gear 
without putting the workers in gear. This is done in order 
b) mix the salt thoroughly w’ithout working. " Then it is allowed 
to stand for fix'eor ten minutes, then wx)rked about four revolu- 
tions and allowed to stand a little while again, them the working 
is completed by allowing the churn to revolve four or five times 
inor(‘, or as many as is deemed necessary to bring the butter into 
])ro})er condition. 

It lias, how^ev(‘r, been demonstrated that it is not advisable 
to add the salt wliih^ the butter is in tliis hard granular form. 
The butt(‘r should be unit(‘d into larger irregular granules before 
the salt- is added. If the salt is added to the butter in a more 
or less gathennl condition, then the workers should be put in 
gear at once, for otherwise the salt will be scattered on the 
inside of the churn. Butter can be wwked three or four revolu- 
tions and then allowed to stand until the salt is almost dissolved, 
at which time the w’orkiiig can be completed by revolving 
the churn four or five revolutions more. Some prefer to w^ork 
a little more than ten revolutions in order to be sure that the 
salt has Ix'en evenly distributed. 

If the Disbrow chum is being used, it is necessary to work 
the butter a greater number of revolutions than that recom- 
mended when the Victor churn is used. In the Victor churn 
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the butter is virtually worked twice at every revolution, while 
in the Disbrow cliurn th(‘ butt'*r is only worked once for about 
three-(juarters of a revolution. From sixtvfn to tw(uity re^olu- 
tions of the l)is])row churn usually mixes tlie salt with thebutUT 
])ro|K‘rly. It is im])ossi})le to stab* ('vneily tlu' number of revo 
lutions bult(T should be worked, as it varies aeconiing to difTei- 
ent conditions. 

( 2 ) Working the butter is done in onl(T to brin^ it into a 
compact form. When butter is soft it usually iz;athers, but 



Fig. 15e — Tlie tahlo huHcr-worker. 

if it is j)resent in the hrm ^Tanuler comlition, which condition 
n‘sults from churnin*; thin cream and wasliin^ th(‘ butter in 
cold wat(‘r, it is mon* or less difficult to g('t th(‘ litth* granule's 
tog(‘thf‘r. More workin^^ is necessary wlum th(‘ butter is in 
such a condition. 

(3) T1k‘ workinp^ of butter is al.s(» done in order to exj)re^ss 
an excessive amount of buttermilk or wab'r. i^y adding salt 
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ai](l then working the butter, the excess of buttermilk is largely 
eliminated. Especially is this so when the butter is in a medium 
firm condition. Working is also effective in removing water 
fi|^m the butter. 

In tlie manufacture of process butter, excessive working 
while the butter is in a firm condition is now resorted to. 
Before the national law, which limits the moisture- content of 
butt(;r to 16^ , went into effect, process butter usually com 
tairifni more than 16% water; but now the moisture-content 
of tliis kind of butter is largely controllcfl by working it in the 
absence of water wliile it is in a firm condition. 



CHAPTER >A in. 

PACKING AND MAUKKTiNG BUTTER. 

Kind of Package to Use. — For croarncTy pur[)os(\s the 60- 
pound ash tubs an^ eusioniarily used. The package, of course, 
varies according to differcail markets. In case that butter is 
made on a small scale, such as on the farm, earthen crocks give 
good satisfaction. There is no other i)ackag(i that gives so 
good results as tlie earthen jars, when viewed from a stand- 
point of good kee])ing (piality of the butter. The objec- 
tion to earthen jars or crocks is tluat they an^ h(\avy and easily 
broken during traasiiortation. It is undoubtedly on this 
account that earthenware is not used more for the packing of 
butbT. 

There are two kinds of tubs chiefly used in creameries, viz., 
the msii tub, and the spruce tubs. Tlu^se tubs are made in 
differ^t sizes, 10-lb., 20-lh., 30-lb., and GO-lb. Tlie GO-lb. 
ash tub is used nearly altogether in creannu'ios that pack butter 
on a large «cale. When smaller amounts of hiittcM- are bi'ing 
packed, usua%' the smaller spruce tubs are employed. Scpiare 
br)xe8 are used also to soiihj extent. The>' are used more in 
some of the liaatern States, but very little in tlic West and 
Central West. 

During the fall and winter when the milk-f;iip{)]y is rather 
low, many creameries print all the butter. Most of the com- 
mission firms will pay about a cent more per pound for butter 
when it Is put up in pound prints and wrapped neatly in parch- 
ment paper. The wrapper should bear the name of the manu- 
facturer or the name of the creamery. If the quality of the 




Fig. 157. — Churning and packing Ijutler. (Continental Creamery C’o., Topeka, Kan.) 
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butter is good, it mil take but a short lime for the consumers 
to become familiar with that particular* brand. It is essential, 
however, to consider the cost of piinting the butter and the 
losses in printing. Some little ^va^.te i)f butter accompanies 
the })rinting process. Besides this, if ‘die butter is firm, as it 
usually is in order to have the prints .i>sume the proper shape, 
ther(' is a loss of some moisture. 

Preparation of Tubs. —If tiilis are .dored in a damp room, 
they ar(i likely to mould in a short time. Occasionally tubs 
are in a mouldy condition when tlH‘y come from the factory 
or creamery supply-house. . TIu^ mould that forms on tlie insid(‘ 
of tli(' tub when standing in a damp jilace is ver} cons])icuous. 
In many instances the tubs are also cracked. T his is due* 
chiefiv to the tubs l>ecomi?ig dry, and in some instance's is «lu(' 
to the us^* of impe^’h'ct mat(‘rial in the manufacture of tl..^ tub. 
l>ut((a*-t\ibs should not lx* made from damp, unseasoned, and 
jiartly decayed wood, as they are lik(‘ly to impart to tli(‘ hiittcT 
more tlu^ wmody odors than do those' made from sound, 
w('ll-mat lin'd wood. 

In order to kill all the moulds w’hich may be present in tli(' 
tub, ahd to close the cracks, so as to make th(‘ tub [iraetieally 
air-tight, it isessc'utial that the tub should unde'rgosoiiu' pn)c(‘s< 
of pH'paration before' the' butte'r is paekc'd into it. Tlu're is a 
single' substance which will ele-streiy the* germs, moulel anel alse> 
cle)S(' muille'‘r openings in the tubs, viz., a saturated seilution of 
briiio. As a rule this gives good rc'sults. The elay previous to 
the packing of the butter, the tubs she)ul(i be* fillenl with .satu- 
ratinl brines, aiiel alleiwaxl to stanel anel seiak until the? fe)]le)wing 
day. The^ paiH?r-liuings anel circle's she)uld also b(‘ soake'el in 
the' same' brine* before they are iise*el. It is a gooe! jilan to have* 
the' brine lukewarm, although cedel lu'ine will answe'r the^ pur- 
pe>se'. Just pre\ious to using, pour eiut the brine, wasli the? tubs 
thoroughly, then scald them, by putting tliem into scaleling- 
heit water eir over a steam-j(*t. Ceiol off the tubs by filling them 
with ceilel water; when cooleel, pour out tlie water, line them, 
and they are ready for use. The covers should l)e on wJiile they 
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are soaking. This prevents the tubs from warping and getting 

out of shape. 

By soaking the tubs in brine and scalding as above, if 
thorouglily done, there is little danger of getting moulds in 
the butter. Some recommend the soaking of the tul)s in brine 
only, without scalding; others recommend the scalding without 
soaking in brine. The cliief difficulty with scalding the tubs 



without soaking is that when wooden tubs are exposed to such 
su(l<len heat they usually warp. The hoops an^ also likely to 
bui'st, and if this method Ls employed alone, many of the tubs 
will he rendered valueless owing to the bursting of the hoops. 
If the tub is grswlually soaked in brine first, heat may lye applied 
afterwards with little or no injury to the tub. Owing to the 
many complaints of mouldy butter, especially during the 
summer, »everal other methods of preparing tubs have been 
n^commended. In following out the above method many makers 
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omit to use concentrated brine. If the brine is weak, then, of 
course, it will liavf^ little or no effect upf»n the moulds; but 
if the brine is saturated, the wockI will become saturated with 
brine and prevent the growth of mould durinj.^ the trans 
portation of the butter. Moulds usually start to j;to\\' ou the 
inside of the lub, next to the butter. 

SuiiH' of tlie other nudhods lecomnieiided for the {irepara- 
tion of tul)> are- ( 1 ) Paralhniiu^. 1 'his is accornplislual by 
nieltifi^ the paraffin, then iisin/!; a soft brush with uhich to 
spread tli(‘ li<|iiid paraffin all over th(‘ insid(‘ of the tub. After 
tlu' li(juid paraffin has Immui applied and eooh'd, it will soli<lifv, 
and a thin layer cd paraffin will cover the iiwidi* of the tub. 
( 2 ) The s<‘Cond method is to soak the tubs in brine* (ontaining 
from 2 % to of formalin formaldehyde 'solution); 

about three ounc(\' of formalin to each gallon of brine is about 
the pr()[)(‘r i^roportion. 

Sp(M*ial efforts should In* made towards having the package 
ap])ear as n(*at as {X)ssible. 'riu'v should be clean, and the cover 
should fit well. After tin* tub has been washed, lined, and 
otherwise })repar(‘d, it should be wc'ighed, and the weight of the 
tub niark(*d on the outside. 

Packing of Butter. —The packing of butter should be con- 
ducted uucier as favorable conditions as j)ossible. ik'fore mak- 
ing use of the butter-ladles they should be scalded and then 
cooled off in cold water. This prevents the butter from sticking 
to tliem, and also cleanses them from dust and germs wliich 
may havi^ lo(lg(*d on them. When tin* butUu' is iKung traush'rred 
from the chum into tin* tub, it should be firmly pack<*d. That 
is, tlicre should be no holes near the ])Ottom and sid(‘s of the 
butter in the tub. Whf‘n tlie butter arrives on the market 
it is sometimes turned out of the tub (strij>pe(l). If it has 
not been firmly packed, the butter will be filled with holes 
on the sides arid show an unattractive appearance. Besides 
this, if therf* are any 1101^*8 in the buth^r, the moisture and air 
will gather there. This gathered brine at time causes a change 
in color on the surface of the butter to which the brine was 
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exposed. The tubs should be well filled. Any open spaces 
left in the butter permit the circulation of air, and the butter 
is more likely to absorb the woody odors from the tub. 
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Fin. IGl. — I Gutter eaitons. 


In the preparation of the tub>, many of these' woody odors 
an' (‘liininat(Ml, hut it is impossihh' to n'movc' all of tlu'in. The 
lu'at will'll ap[)lied to the tuh opi'us up the jiorc's of thi' wofid 
and cause's the volatih' woody odors to ])ass otT with the escajiing 
sti'am. When tlu' wood is removed from the influence of the 
sti'am, th(' ])or('s again close, or contract, and in that way most 
of t.h(^ woody odors art' removi'd, at least from the inni'r surface 
of the till). Th(' n'lnaining woody odors .should not he allowed 
to circulati' inwardly through tlu' iuitter hy allowing empty 
s]^ac('s insidi' thi' tuh. The top surface of the ])Utt('r can 
hi'iiiaili'to appear smooth ami full hy filling the tuh a little 
more than full of hutter, and tlu'n cutting th(' excessivi* amount 
of hutter of! with a string. Tlu' extra huttc'r (‘an then h(' rolU'd 
olT, and the top ajijKxir pi'rfectly smooth and full. 




PACKING AND MARKETING BUTTER, 


275 


The surface of the tubs sliould be neatly finished by pleating 
tlie lining of the tub o\er onto the to]) of the batter. The 
lining should iH)t Ix^ allowavl to lap ovt'i any more than about 
an inch. A cloth circle should tlicji be neatly put on. A 



Fig. 102. — Tub-fasteners, eoinmon tins. 



liandful of salt sj)rinkled on tlu* toj) of this circle is advisable. 
A httle \vat(‘r may In' s])rinkl(Ml on to ('aus(‘ lh(‘ salt to b(H*ome 
wet. Some butter-makers j)r(‘ft‘r an :idditional jiajxu- circle 
on top of the salt again. 



Fk; 1(>3. — Tub-fust oners; tin and tack oonibinod. 


Packing Butter for Exhibition Purposes. - In cast^ butter is 
to be ojK'iK^d an<i scort'd several timt's, it is advisable tt) us(‘ pajKT 
circles iusteatl of cloth ein‘les. Cloth circles give a much better 
appearance when the tubs are not to be ojx^iied often, but they 



Fig. 164. — Tub-fcwieners; riveted. 

are difficult to readjust after they have lieen taken out of posi 
lion, while the paper circle can be taken off and replaced as 
often as d(‘sired. This applies especially to butter entered 
for scoring contests, where tlie keeping quality of buttiT has 
to be tested also. Twenty-]K>und ash tubs are generally used 
for exhibition purposes. Mh tubs take a little Ijetter finish 
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than do spruce tubs. Sandpapering the tubs on the outside 
gives a nice appearance. A fine-appearing tub may count con- 
siderably when the final decision is rendered. In order to keep 
the tub in a clean and good condition during transit special 
precautions should be taken by the sender. A good way of 
preparing a tub is to tack the address on the cover, wrap the 
tub well in paper, and fasten the paper by wTapping a string 
around the tub a few times. Drive no more nails in the tub 
than is necessary. Three tins are sufficient to fasten the 
cover to the tub. The tin fastentTs should be placed equal 
distances aj)art. After the paper has Ix^nn wrapped around 



Fki. ir>5. — Tlie Lafayette lever Lutter-printer. 


the tub the whole should be burlappcxl. These burlaps can 
be obtained with the tubs from any of the creamery supply- 
houses. The tub should then be lal>eled, tad it is ready for 
shipment. 

Another good way of preparing a tub for shipment is to 
pack the 20-pound tub into a GO-pound tub. Fill the sjxice 
b(dAV(HMi the small and tlu‘ large tub with paper. This is con- 
sidered by many to be the best imThod of shipping butter for 
cont(\sts, jis the paper, packed in on the sides of the tub, i)r(>- 
veiiLs the heat from penetrating. In cold weather it also pn^- 
vents the butter from freezing, at l(‘ast in a measure. 

Storing Butter in Creameries. — Tlie tem|H'rature of the 
room in which Oie butter Is lH‘ing stonxi should be as low 
as conditions will permit. A tem{xu*ature of 50° F. or below 
is fiivorable to the keeping quality of the butter. Usually the 
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butter is kept at the creaiTKry for from half a week to a whole 
week. It is achisahle to ship its often is considered con- 
sistent uith tlu‘ amounts of butter handled. The refrij 2 ;erator 
in wliieh tiie l)utter is ke))! at the creamery should Icept 
as pure and dry as possil^le. Damp places are always con- 
diieiv(‘ to th{‘ growth of germs, especirll\ moulds. Vegetables 
or foods of other kinds should not be allowed in the lefrigerator 



Fig. 160. — ^The en^^'ne-rooni of Littleton Freamery (;o. (t'reamery Journal.) 


with the T)utter, as they are likely to impart foreign flavors to 
the butter. Mivhanical ndrigeration and cooling with mi are 
the iK'st cooling facilities. In ciise it should happtni that it is 
impossible to obtain ice, water can utilized for this purfxise. 
The water us(h 1 in the creamery can Ix^ made U) run through 
a galvaniz(Hi-iron tank. This tank is pro})erly placed in the 
butter storing-rexmp or refrigerator, so as to allow' as much 
cooling-surface in the butter-room as possible. This method 
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will not cool the room as effectively as ice, but in the absence 
of ice this is better than no cooling at all. 

Cost of Producing One Pound of Butter. — The cost of pro- 
ducing a pound of butter varies at difftrcait creameries. Up 
to a certain hniit, the more butter that is being produced at 



Fio. 107. — Crofis-Bection of a sewage-disposal tank. (Wallace's Farmer.) 


one j)lace the less will be the cost of ])r()duction, that is, pro- 
viding the creameries are otlu'rwise equally w('ll managed. 
The Iowa State Dairy Commissioner has investigated this 



two of the surface. It may he constructed of planks. Itriok, stone, or 
concrete is preferable for durability. The tank should be built air- 
tight except in two places, I) and E. 

question and finds that the cost of production varies from 
1.2 c('nts to () cents per |K)und. According to the reports sub- 
mitt(‘d to the ofhee of tlu^ State Dairy Commissioner, the 
highest cost of production comes from a co-operative creamery 
tliat nuik(\s a little less than 30,000 pounds of butter jw year. 
The lowest cost of production is submitted by a co-opei*ative 



280 


BUTTER--MAKING. 


creamery making nearly half a million pounds of butter from 
whole milk exclusively. The approximate average cost of mak- 
ing butter for the whole State of Iowa in the whole-milk cream- 
eries is about cents per pound. As the creameries produce 
on an average about 150,000 pounds of butter per year, the 
running expenses of the average creamery are approximately 
$2350.00 per year. 

The following table will show the variation in cost of pro- 
duction per pound of butter: 


Class. 

Creamery Cost of Manufiicturing a Pound of Butter. 

No. 

Reported, 

Cents. 

1 

Creameries making no more than 50,000 lbs. of 
butter 

44 

3.14 

2 

Creameries making between 50,000 and 100,000 
lbs. of butter 

9S 

2.30 

3 

Creameries making between 100,000 and 150,(')00 
lbs. of butter 

60 

1.99 

4 

1 

Creameries nmking between 150,000 and 200,000 
lbs. of butter 

28 

1.78 

5 

Creameries making between 200,(KX) and 3(X),000 
lbs. of butter 

27 . 

1.71 


Average for the State i 

263 

2.28 


Average for classes 2 and .3 i 

1 

164 

2.22 



CHAPTER XIX. 


COMPOSITION OF BUTTER, 

Butter is comj>osed fat, v/ator, proteids, milk-sugar, 
asli, and salt. The milk-sugar and ash are present in butter 
only to a very small extent. In the analysis of butter the 
milk-sugar is usually included with tlie ])roteids (curd), and 
tlie ash is reckoned in with the salt. 

Storch gives the^fol lowing average composition of butter: 



F roin 

F rom 


Fresh (''ream. 

Ripened ('ream. 

I'at 

83.75 

82.97 

Water 

13.03 

13.78 

Proteids (curd) 

64 

.84 

Milk-sugar 

35 

.39 

Ash 

14 

.16 

Salt 

2.09 

1.86 


The average composition of butter as determined f ^m the 
analysis of 221 samples, representing 55 different creameries 
in difffTent parts of the State of Iowa, is as follows: 

Fat 84 

Water 12.73 

Curd 1.30 

Salt and ash 1.97 

Effeti’ of Composition of Butter Upon Quality. 

The quality of cream or milk from which the butter has been 
produced and the methods employed in the manufacture have 
more effect upon the quality of butter than has the composi- 

281 
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tion. A small variatioi) in the components of butter affects 
the quality very little, provided the butter has been properly 
made, and the components properly incorporated. In the 
same creamery the composition of butter varies according to 
the season of the year, from day to day, and even from one 
churning to another. According to the present methods of 
manufacture, water, salt, and fat are the components most 
likely to vary. Casein vari(‘s very little. 

Curd and Sugar. — Occasionally the curd content may go as 
high as 4%. It rarely (‘xcecnls and seldom falls bcdow .5 
of 1%. A liigh curd-cont(ait will sliow itself in the ])utter in 
the form of a milky ])rin(\, or in the form of white s])ecks. If 
there is less than 2^'d prc'scait in the biith'r, the })rine 

shows no noti(*etil)l(' inilkiness. More than that much curd 
can, as a ruh', Ih' (l(‘tect(‘d from the color of^tlie brine. 

If the casc'in or tli(‘ curd has Immui inc()r})orat(Ml in the form 
of small luin])s or s])(H‘ks, th(‘n abnormal [unounts of curd 
app('ar. \Mi(‘n tlu' sampl(‘ of })Utt(‘r is taken for analysis, such 
a sjK'ck of (‘urd pH'scait in tlu' sample}' raises the final cunl-con- 
t(‘nt to a c()mparativ('l\' liigli figure. 

As has ])(*(Mi mention(‘(l ])efore, the curd and milk-sugar are 
incorporated from the l)uttermilk into the butba* during th(‘ 
cliurning. In manufacturing butt(‘r for storage, thes(‘ sub- 
stances sliould be exclude<I from the butter as thoroughly as 
possible. Th(‘ milk-sugar and albuminoids constitute the chief 
food for bacterial growth. As the d(‘t(‘rioration of buttcT has 
IxHai (Umionstrated tu be dii(» clu(*fly to the action of organisms, 
it becomes t‘ssential to restrain tlunr growth as much as possible 
by excluding food necessary for their growtii. 

Salt. — In the cha])ter discussing th(' salting of butter, it was 
mentioned that a small increase or decrease in the salt“Cont(‘nt 
of butt(‘r can be recognized by most consumers, while the same 
variation in the other constitiuaits cannot Ik^ noticed so easily. 
The a^'e^lge salt-content of butter is about 2 % . As the amount 
of salt propf»rly dissolved in butter dejx'uds u])on the amount 
of waU*r present, the first imjx^rkint stej) in controlling the salt- 
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content is to have reasonable c*>ntn)l of the water-content of 
the l)utt(*r. If there is no more than 16^, of water present in 
th(» butter, it is desirable to liave as rnueli :^aH in as the water 
will dissolve within the time usually allotte<! for that purpose. 
This TiUK'h salt suits most of the 
American butter nuirkets. The 
authors ha\'(' analyzed commercial 
l)utt(‘r containiTi^ more than salt. 

Tin* major ])ortion of this was pn^eat 
in an undissohtd condition. Such 
bnlt(‘r is called gritty, ind is ob- 
je(‘t('d to by most consunaa's. 

Salt acts as a ])reservative and 
aitU flavor to th(' butter, ])rovided 
it in good couflilion. It is said 
that tli(‘ addition of salt has some 
effects u{)on tin* body of the butbT. 

Richmond asserts that salty butter 
los(‘s more water on standing than 
unsalt('<! butt('r. This is undoubt- 
edly du(' to the l(‘aky (‘ondition which is brought about wluui 
salt is ad i(‘d to butt(‘r whil(‘ in a granular condition. Salt 
attracts moisture, riisalted butter would not l)e (‘xposed to 
this influ(Mic(' of the salt. When kept unsalted, butt(‘’ usually 
becoiiH's checisy in flavor in a short timcy whil(‘ salted f)Utter 
assumes enfirt'ly dith'rent characteristics. 

Water. — 1 he nioistun*-eontx*nl of butter may vary l>etwecn 
iV t and If)' (. i'nHjuently butter is found that eontains more 
than ))ut this am(>unt is in violation of tin* law\ Butter 

ma\' eontain as mueli as of wat<‘r, if pro|H*rly incorpora bal, 
witlioJit afTecting its ap[)arent commercial (piality. WaUT Is 
])n‘sent in a greater ])rop<)rtion than any other non-fat con- 
stituent. Its variation is also gieatc'r than that of any other 
constituent. The fat will, of course, ^'ary with the water. 
The mor(‘ water there is present in theJjutter, the leH.s fat there 
will Ik*, and tlu* k^ss water, tlu* more fat. As butter is bought 
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with the understanding that it is rich in fat, much objection has 
been raised to butter containing an abnormal amount of water. 
This objection by consumers is, of course, a just one. The 
producers desire to incorporate as much water as is consistent 
with good quality. Butter containing a high moisture- con- 
tent^ more than 18%, will appear dead and dull. It is sticky, 
and when sampled with a trier it is next to impossible to draw a 
full trier of butter. It shrivels and rolls on both sides of the trier* 

Moisture affects butter in two principal ways, according to 
the way in wdiich is is incorporated: (1) By causing leaky 
butter, and (2) by making the butter appear dull. 

1. This leaky condition in comiiKTcial butter is very common. 
It has been a common opinion among butter judges that wlien- 
ev(‘r wat(*r appears in large drops on the butter, and some- 
what slushy when samphnl, tin' butt(T contains too mucli 
moistuiH*. This, liow(‘ver, is not always the case, as butkT will 
not as a rul(‘ hold an excessive' amount of moisture in that form. 
Bvam if this leaky ))Utter does not contain an excess of moisture, 
it is a very undesirabh^ condition, as most consumers object 
to this appar(*nt slushiness. As has been stated before, this 
leaky condition is brought about chieHy by churning the butter 
to small granules, washing th(' l)utter very little in cold water, 
salting heavily, whili^ butUn- granules are still small and firm, 
and working the butter fnMpiently in the presences of brine. 
When moistim' is properly incorporated in butter, it should 
be [)resent in exceedingly minute drops. In a fine state of 
division it will not esca})e from the butU'r. 

This leaky condition of moistun' in buthT may give a wrong 
impression to consumers about its moisture conUmt. Major 
Alvord, Chief of Dairy Division of U. S. Depiu-tment of Agri- 
culture, r(‘j>orts that a great many buyers on the English market 
have the opiniori that American butter contains an excess of 
moisture. This conclusion evidently hits })oeii reached on 
account of the water in American butter often appK^aring in 
this leaky condition, as de^crilxid above. In reality it Is low 
in its moistuixMamtent. 
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2. The dull and dry appearing condition of butter may be 
due (1) to the presence of an excess of moisture properly incoi^ 
porahnl; (2) to the treatment the butter receives during manu- 
facture. When the dull and drv appearance is due to moislure, 
the water has been ineorponited during tlie chuniing, or during 
the wa^^^hing process, through excessi\^^ cluirning or working 


■ rwf. Mf c vO.ctfv.i 


Fig. 171. — UuhlHir mop. 

in the buttermilk or wash-water at a high temfxTature. The 
dullness may also be brought about i)y overworking the butter. 
If the butter has Ix^on overworked, as a rule, it (‘.ontains litth; 
moisture, though its a{)pearancc may be like that v{ butt(T 
containing an exc(‘ss. 

The coiulitions whi(‘h afh'ct the moisturc^content of butter 
during its manufactur(‘ an*: 

(1) Temperature of cream and of wash-water. The higluT 
the temperature of thes(‘ two substancc*s, the more wat(*r will 
ho incorporat(‘d in the i)utter. Wlaai the temperature is t(K) 
high, th(' body of the butter is injured mat(‘rially. The kee[>ing 
quality of the butter is tilso iiijunxl by having the !eiii]K‘niture 
of the cream too high. The butbu’inilk eonstituiuits are incor- 
poratexl with the butter and cause it to (U^teriorate rapidly. 

(2) The amount of churning in buttiTmilk and wash-wahT. 
The nu're the butter is being churned or worked in th(? presence 
of moisture, the more water the butbT will contain. When the 
teni{)erature of buttermilk and wash-water is low, a small 
amount of churning affects the moisture-content very little, 
w'hile if the ttmipc*rature is high, great care should be taken 
not to overchum. 

(3) Per cent of fat in cream. Tlie thicker the cream the 
more moisture there will b<? present in the butt(?r. In order to 
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ehum thick cream^ a higher temperature is necessary. It is 
difficult to stop the churn without overchurning a trifle. These 
two conditions, thick cream and high temperature, are both 
conducive to a higher moisture- content. 

(4) Amount of work the butter receives. If the butter is 
in a moderately firm condition, the more the butter is worked, 
in the absence of water, the less moisture it will contain. If 
the moisture is present in a leaky form as mentioned above, it 
is expelled to a great extent by working. But if the moisture 
is properly incorporated and the butter is not too firm, wwk- 
ing hn^ little effect upon changing the moisture-content of the 
butter, providing there is no water present in the churn. 

Several other factors, such [is pashnirization of cn'ain, full- 
ness of churn, and cliaracter of fat in cream, all have a small 
influence in governing th(‘ moistun'-content pf butter, but in 
this summary it is sufficumt to sjiy that temperature, degree 
of churning, and thickness of cnvmi are tlu' only conditions 
wdiich materially influence thc^ moisture-content. If churning 
is carried on to an excess, wludher it be in the buttermilk or 
in the wash-wjit(U’, all other factors are subordinate and Inive 
little or no influence in regulating the moistun^content of 
butter. Low temiK'rature is the chief hictor that delays in- 
corporation of moisture in excessive churning. 

Fat. — The English, the (lenmiri, and the United States 
gove^rnments have endeavored to protect consumers in regard 
to the amount of nutriment in butter, by recommending 1G% 
of water as a riuiximum limit. Such a ruling has worked suc- 
cessfully now f('r several years. Efforts have recently beiai 
m[id(‘ in the UnitiHi States to base by law the nutritive quality 
of butter upon a certain minimum pi'rcentage of fat. TJie 
minimum [imouiit of fat recommended by the appointed com- 
mitt(H' of chemists is 82i%. A minimum standard of 82^% 
of fat in butter would be unintentioiuilly violatcul, wEile a basis 
of 809c) fat in butter would be more consistent with the quality 
of butter as manufactured. ^ 
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Butter may bo judged from a oommorcial and from an 
individual sinndpoiut. Individual judgments of the same 
butter may vary considerably. It is important that the judge 
should 1)0001110 familiar with the qualHv of butter as required 
})y (Hir standard markets, and then judge the butter according 
to tiie demands of the mass of the consumers, rather than 
according to personal likes and dislikes. In order to become 
a good butter-judge, it is essential that tlie senses of taste and 
smell be acute. l^]ven if one s taste and smell are keen and sensi- 
tive', considerabk** practice or experience is necessary. Almost 
any one can tell a good samjile of butter from a very poor one, 
but when it comes to difTercntiate Indwetm two samples wliich 
an' nearly alike in (piality, skill and experience are requirtHl. 

Th(‘ chi(‘f thing in scoring buttcT is to become thoroughly 
familiar with ,th(* ideal flavor of butter; then by repeated 
comparisons' of different sampU's of liutter to this one ideal 
ffa\'or, ('ue will soon l)ecome eftici(mt in grading the butter. 

Standard for Judging. — In America the distinct qualities 
w^hich are noticed in butter are dc'signated accord’: g to the 
basis of points given Ixiow. It will be noticed that different 
values are given to the different characteristics, according to 
their relative' importance'. The' score'-card giveai below is used 
ceajimercially, and is based iif>on KK) as perfect: 


No. . . 

Flavor 

Ikniy 

. 

Salt . 
Style. 


Score CAHO. 

IVrfort. Scott. R«n)arkji. 

45 

25 

15 

10 

5 


Total 
Date. . . . 


100 


Scored by. 
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At . «««.* of tie SociStd JVatfoMie * Late 

Mil at Brussels, the follomiig scale otpoktawas suareeted 
butter (Creamery Journal): 

Odor 5 


Consistency 


(Veamery, 


Huttcmiaker. 


'I'oo liigh acid 1-3 . . . 

iSour 1-3. . . 

Heated 9 

Weedy 2-10. . 

Tmnted 2 

Harny 2-10 . 

Poor Hcwerage, dirty cans, etc 5-10 

Winlery 2-10 

p Old milk 2 . .. 

S Flat 1-3 

K Light 1-3 . 

Summery I - 10. . 

Needs more acid 1 -3. . . 

Poor water or ice 

Fishy 4-0... 

CWy 1-2-10 


a ^ 

Score (Perfect 45) . . . 

Weak 4 

Salvy 4 . 

(ireasy 4 . 

Oily 4 . 

Taflovvy 4 . . 

>, rheesy 4 

2 j I toose l>ody 4 7 

® Too itmch wat^r 4 . . 

! Not enough water 4 . . 

Water not well incorporated 4. . 

Milky 


Fine, waxy 

! Score { Perfect 25) 
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m 


Wavy 

Streaked 

AS 

4-~a 


Mottled 

4-6 


Too high 

Too light 


h 


Not good shade. 


Fine, even, light straw colored, 
Score (Perfect 15) 


Poo high h. 

Too light (> . 

Flat P. 

(iritty 4-() 

Fishy 4-(' 


Poor grade of salt. 
Irregular 


Fine, smooth 

Scon^ ( Perfect 14) 


I l\){)s not neat ... 7 

T(k> much salt on tops 7-8 

Tubs not full 7 

Stroke tops off level ; do not l)evcl 7 

Fold paper liners under doth circles, not on top 

Not pajK^r lined 

Liners poor grade 

j touch brine 7 8 

Loosely packed 7 -8 

Tul>« dirty 7 

Tubs muddy 9 

Tul)^ soaked too much 7-8 

! Tubs mouldy 7 

i 1 )ark-colorfHl .staves 7 

Not Elgin-style tubs 7 

Tub.s flimsy 7 

Broken hoops and covers 7 

Tares too light; 11 lbs wanted 8 

Tares tfvo heavy; 11 lbs, wanted 8 

Hooks or f)oor tin fasteners 7 


Fine, handsome 
Score (Perfect 5) 


Total score (Perfect 100) 
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Manner of Judging. 

Body. — After the trierful of butter has been drawn out, 
the first thiiig to notice is the aroma, and the body or texture 
of the butter. The butter on the outside should be examined 
at once before it is affected by the temperature of the room. 
Notice its color, whether it is even or uneven, low or high. 
Determine by the appearance of the butter and the way it feels 
to tbe palate whether it is greasy, tallowy, spongy, or sticky. 
Tlie amount of brine and condition of brine should also be 
noted. These characteristics and their causes have been 
j)reviously discussed. Stroke the })lug of butter with a knife 
to observe the color closer. Squeezes it with the thumb to 
ascertain the character of the body. The aroma of the butter 
should also be noticed in connection with scering the butter 
on body or texture, as it is more pronounced immediately after 
the trierful of butter has been drawn. 

Flavor. — It is im])ossibl(‘ to d(‘scribe all the different flavors 
found in butter. There are perhaps as ‘many distinct butter 
flavors as there ar(‘ shades of colors. However, there are a 
few flavors which stand out more })romin(‘nt and are more 
commonly met with than any of the others. Good butter 
should j)ossess a clean, mild, rich, creamy flavor, and should 
have a d(;licate, mild, jdeasant aroma. Some butter judges, 
(‘specially foreign judge^s, allow a separate numb(‘T of points 
for aroma of butter in th(^ scon‘-card. This has been sug- 
g('sted in the United StaU^ also, owing to the fact that 
butter may hav(' little aroma and still have a good flavor. 
Owing to this, it has be(‘n suggestcHl that it would lx* better to 
allow a c(‘rtain number of points separately for aroma in the 
scor(M‘ard. 

Flat flavor is noticeable in butter made from unripened 
cream. If such butter is otlierwise cUnin, little objection is 
niad(‘ to this kind of butter for ordinary commercial purposes. 
The nunedy is to ripen the cream a little higher with a proper 
ferment. Rancid flavor is ap{)lied to butter wliich has an 
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undesirable, strong flavor. Rancid flavor is the most common 
defe^ct developing in butter on standing. Other flavors deveIof>- 
ing in butter are '' turpentine/' f.'shy/' '' unclean/' feverish," 
and "stale" flavors. In criticizing batter it is better to mark 
at once the s{)ecific fault, rather than staU^ that the butbjr 
is rancid. Cheesy fla\'or is another characteristic which is ^ 
common in l)Utter. This cheesy condition devclojw chiefly 
in butUT containing little o^* no salh It is claimed to I)e due 
to the decomposition of the probad matter in the butter. 
Weedy flavors are cjiiite common in butter They are due 
mostly to the condition of milk previous to the manufacture 
of the butter. Th(‘ reiiKHiy is to take t)ie cows away from the 
pasture in which weeds of tlifb'rent kinds an» growing, soch as 
garlic, wild onions, ('tc. Aeid flavor is another common def(‘ct 
found in biittvj* It is usually du(‘ to improper rip^ming of 
cream. The term sour is used in its litiTul meaning in d(‘scril)ing 
butter which in reality is sour, though not v(;ry sour to the 
taste; by th(‘ sens(‘ (^f mik'II, l)ow(*v(*r, the sourness is readily 
pereeivt'd. The usual eaus(* of this sourn(\ss is an improjier 
nmiovid of the buttermilk Indore th(‘ butter is packed. The 
term sour is o<*casionally used to designate butter which has 
Ixvn nadc from overripened cream. Feverish flavor is a 
com])arative!v new term. Its signifieanee seems to be of 
importance. I'his flavor is very sickening. It is' 'ejieved to 
be due to the cow's system being in an unhealthy eondition. 
ITiis flavor is imparted to the butt(*r when it is producan] from 
milk drawn from cows during sexual excitement, liiarrlnea 
of the COW'S is claimed to y>ro(luce the same effect. Stable 
flavors are due to tin* imjiroper an<I unclean conditions of the 
barn. Th(‘v are most common during tlie winter, wflien cows 
are exfKised to stable conditions. 

Color. — The color should l>e bright and even. When a jilug 
of butter is drawn with a trier and is held up to the light, it 
should not \ye cloudy and dense, but should l)e almost transparent 
and bright. The cliief fault found with the color of butter 
is unevenness. It may Ix^ streaky, mottled, or it may be tcx> 
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high or too low. The shade of color will vary according 
to the different markets. The color preferred in our markets 
is chiefly a high straw color. There has been a tendency re- 
cently to recommend a comparatively high color in butter, in 
order to distinguish it from oleo margarine. A reddish color, 
however, should be guarded against, except when the market 
demands it* If too much color is added, butter will assume 
thi^ Ime, which Is very undesirable. 

"Sidt. — The amount of salt likewise depends upon the market, 
and unless the salt-content is extremely high, or extremely 
low, butter should not be criticized on account of the amount 
of salt. The chief thing to consider in judging butter on its 
salt-content is the condition of the salt. Notice whether it 
has been thoroughly dissolved and evenly distributed. 

Style. — The style is the appearance of the butier and package* 
Whatever the shape of the [package, the chief thing to cohsider 
is that it is clean and neatly finished, as described in the para- 
graph on ^‘Exhibition of Butter. 


Classification and Grades of Buitkr. 

The classification and grading of butter on the different 
markets vary very little. As the New York market is the 
great butter market in the United States, we quote the classi- 
fication and grades of butter as outlinexl by the New York Mer- 
cantile Exchange: 


‘‘CLASSIFICATION. 

“ Creamery Butter. — Butter offered under this classification 
shall have been made in a creamery from cream obtained by 
the separator system, or gathered cream. 

“Imitadoii Creamery Butter. — Butter offered under this 
classification shall have been churned by the dairyman, col- 
lected in its unsalted, imworked condition, and worked, salted, 
and packed by the dealer, or sliipper. 
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Daily Butter. — Butter offered imder this classification shall 
be such as is made, salted, and packed by the dairjTiian, and 
offered in its original package. 

* Factory Butter. — Butter offered under this classification 
shall have been collected in rolls, lumps, or in whole packages, 
and reworked by the dealer, or shippe"- 

“ Renovated Butter. — Butter offere<l under this classification 
shall be made ))y biking pure butter and melting the same, 
and rechurning with fresh milk, cream, or skim-milk, or other 
(Mpiivalent process. 

' Grease shall consist of all grades of butter below Fourths 
free from adulteration. 

“Known Marks shall comprise such butter as is kri‘*wn 
to tht^ trade under some jmrticular mark or designation, and 
must grade as Fj^tras, if creamery, and Firsts, if reworked 
butt(T, in the season in wliich it is offered, unless otherwise 
sp(‘cified. Known Marks to be offered uixler the call must 
])re\'iously have been n^gistered in a book kept by the superin- 
tendent for that purpose. 


“ GKADKS. 

^'Grades of butter must conform to all the following re- 
quirements, and shall not be determined by the score alone. 

‘‘ Extras. 

" Extras shall be composed of the highest grades of butter 
nuide in the season when offered, under the different classi- 
fications; 90^ ^ shall be up to the following standard; the balance 
shall not grade below hirsts: 

“ Flavor. — Must be fine, sweet, clean, and fresh, if of current 
make, and fine, sweet, and clean, if held. 

“ Body. — Must be firm, smooth, and uniform. 

“ Color. — A light straw shade, even Md uniform. 

“ Salt — Medium salted. 

Package. — Good, uniform, and clean. 

** Score. — Shall average 93 points, or higher. 
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“ Firsts. 

“Firsts shall be a grade just below Extras, and must be 
fine butter for the season when made and offered, under the 
different classifications, and up to the following standard: 

“ Flavor. — Must be good, sweet, clean, and fresh, if of cur- 
rent make, and good, sweet, and clean, if held. 

“ Body. — Good and uniform. 

“Color. — Reasonably uniform; neither too high nor too 
light. 

“ Salt. — Medium salted. 

“ Packages. — Good and uniform. 

“ Score. — Shall average 87 points, or higher. 


“ Secofidy. 

“Seconds shall be a grades just below Firsts, and must be 
good for the season when off(*r(Ml, under the different classifi- 
cations, and up to the following standard: 

“ Flavor, — Must be n^asonably good and sweet. 

“ Body. — If cn^ainery or (hury, must be solid boring. If 
factory or renovated, must be 90% solid boring. 

“ Color.— Fairly uniform. 

“Salt. — May be high, medium, or light salted. 

“Package. —Good and uniform. 

“Score. — Shall average 80 points, or higher. 


“ Thirds. 

“Thirds shall l^e a grade just l)elow Seconds. 

“ Flavor. — Must be reasonably good ; rna}' be strong on toj)s 
and sides. 

“ Body. — Fair boring, if creamery or dairy, and at least 50^ 
boring a full trier, if factory or renovated. 

“ Color. — May be irregular. 

“ Salt. — High, light, or irregular. 
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Package. — Fairly uniform. 

Score. — Shall average 75 ]»oirits, or !iigher. 


Fourih^^. • 

'‘ Shall lu^ a grade just below Thirds and may consist of 
proniisciK'Us lots. 

'' Flavor. — May be off-flavored, and strong rn lo])s and sides, 
“Body. — \ot required to draw a full IrifT. 

Color. — May i>e irregular. 

“ Salt. — High, light, or irregular. 

“Package. — Any kind of package mentioned at time of sal(‘. 


" Packing Stock 

\o. 1. Sl^all *!>e original butter witliout the addition of 
moisture, or salt, s\Ne('t, and sounds ])ack(Hl in largty new barrels, 
leaving a wuodcMi head in (‘aeh end, or in new tubs, both to 
b(' ])archnient-])aper UikmI, or a good, uniform second-hand 
barn^l, having a wooden head in each end an<l parchment- 
paj)er lined. Barrels and tubs to be j)ack(‘d full. 

‘‘ No 2. Sliall be original buttcT, without tln^ addition of 
Balt f)r \\ater, sweet and sound, and can j)ack(Ml in pro- 
miscuous or different kinds of barnds, tubes, or tierces, without 
being parchment-paj)er lined, and may 1x3 ])acked m (‘itluT 
tw(‘-head(xl or cloth-cov('red barrels. 

‘ \o. ,‘5. Shall be of any grad(i or (jualitv above grcascy and 
])a^ kt‘d in any and all kinds of packages. 

“Chargers for ins])(‘ction shall be the same its the' rul(‘s call 
for on other grades. 


Grease. 

'‘Shall consist of all grades of butter l>elow I'ourths, free 
from adulterations, 

" rarti(*s wishing to offer butter not descrilxxl in the for(3- 
going classifications and grad<3.s mast specify its character. 
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Packages. 

^^Must be sound, with full number of hoops covers tight, 
and properly fasbmed, or made so at the seller’s expense, 
unless otherwise stipulated at the time of sale/^ 


Export I^utter. 

The observations of the authors have been that the reputa- 
tion of the American butter is not all that is desirable on the 



Fig. 172. — Shipping Russian butter from Sil>eria. (U. S. Govt. Bui.) 

English market. Some American butter is good enougli to 
S(*ll on an e(iuality with Danish liutter, and in some instances 
it is palmed off for such. Much poor butter, however, has lieeri 
allowed to go onto the English market, and this has in some 
meiusure ruined the reputation of our butter. 

Butter for export purposes should be of the very best, and 
made in such a way as to insure good keeping qualities. 

The standing of the diflferent kinds of butter, as observed . 
on the English market, were as follows: 
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(1) Fresh French Rolls. 

(2) Danish Creamery. 

(3) Irish Cr(‘amery. 

(4) New Zealand. 

(5) Canadian, Australian, Argentine. United States, and 
Siberia. 


For Storaae Purposes, 

(1) Danish. 

(2) New Zealand. 

(3; Siberia. 
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T.AHDKATC^RV COURSE IN FARM DAIRYING, 
IOWA DAIRY SCHOOL. 

( J V \ KK A I . Sr f J ( ; KRT 1 < ) N S . 

l^{()i)rrT< iinU ut(‘Msils nmlod in tin* nork will 1 k> fu/nishecl. 
Wh('u tlir work Is roiiij)let(‘(l the sc'parators tuul the uUmsils 
sliould lx* ])ro{>erly clt'ancxl, and then put away in th(‘ir resi)ec- 
tive ])]aees. 

To [>ro])v‘ily clean a separator take it a})art and wasli all 
tlie milky ])ortif>us witli a brusli and warm water containing a. 
little washin;^-pow<l(‘r. Then rinse it in clean scalding-hot 
water and set aside to drain and dry. This method of chaining: 
ap]>]ies to all tin utensils. Be canTul not to I)end or dent any 
of the parts belonging to the separator. 

Before^ starting tlu‘ se[)arator see that it is properly put 
tog(‘th<'r and well oiled. Do not turn the machine at an ex- 
cessive sjK^ed, 

All students are nxiuired to wear clean, white suits. 

The Avra k is of such a nature that it iequin*s the attention 
of the students until it is completecl. If more than three houra 
Is needed for completing it, students will receive credit for 
extra time. 

Have with you a copy of ^'Separator Directions'^ for refer- 


ence. 
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Date 

Exercise No. 1. 

1. Separate a canful of milk at 85° F. on three different 
separators. 

2. Sample cream and skimmed milk from each, and test 
it for fat. 


Report Results. 



Per Cent Fat in 
Whole Milk. 

Per C/cnt Fat in 
Skim-milk. < 

Per Cent Fat in 
Cream. 

No. 1 

Name 




No. 2 

Name 

1 

’ 


No. 3 

Name 

* 




Remarks: 


Signed 
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Date 


Exkikmse No. 2. 

To (leterniine effect of variation in speel upon* thickne^w 
of cn‘ani, upon fat le ft in skiinined milk, anti upon capacity 
separator. 

1. Separate a lialf canful of milk at half si»ecd. (Weigh 
milk fir.^1.) l ake* a sample of tht‘ ere.un anti .skimmed milk to 
he test('(l for fat. 

2. St'parate a half eanful of milk at full speed. (See 
din'etions.) Takt' a saiu[)le of the cn-am anti skimmed milk 
t(; he tt‘stetl for fat. 

2. T(‘st the above samples for fat. 

1. When th(‘ above .samples art‘ taken, ^^atch the time anti 
dt‘t(Tmii!e tin’ eapfieity of the machint' at half spetMl and full 
s})etMl. 


UKix)riT IIkhui.th, 


I 

' U(»r ('eia I’Ht 
111 Whole 

Milk 

1 

jlVrtViif I’lK 
in Skirn- ! 
riiilk, 1 

1 

IVr(V*nl Fat 
in t’loam. 

t'aj»a<nty of 
.Separator 
r>er Hour 

Name of 
Soparaior. 

Halt |M'(l 1 


! 




Full sf>oed 






Total fat j 






Total fat lost | 
in 1k)w1 j 

i 



i 

i 




liemarks: 
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Exercise. No. 3. 

To determine the effect of a variation of temperature upon 
thickness of cream, fat left in skimmed milk, and upon capacity 
of separators. 

1. Temper three lots of milk: No. 1 to 60° F., No. 2 to 
90° F., and No. 3 to 120° F., and separate at the respective 
temperatures. 

2. Sample and test cream and skimmed milk for fat. 

3. Determine capacity of machine at different temperatures 
as in previous exercise. 


Report Results. 



Per tVnt Fat 
111 Whole 
Milk. 

Per Cent F'at 
in Skini- 
niilk. 

; 

Per Cent Fat ( 'apacv^,ty i>er 
in Cream. Hour. 

Name of 
Separator. 

Separated at 
(>()“ ¥. 




1 


Sof)arated at 

ae" F. 






St'parated at 
120'" F. 




1 

Total fat 




Total fat in 
bowl 






Remarks ; 


Signed. 
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Date 


Exercisk No 4. 

* 

To determine effect of variation inflow upon complete- 
ness of se})n ration, upon richness of ^r^ain, and upon fat left in 
skimmed milk. 

1. Separnie a quantity milk^ and turn faucet so as to 
allow the inaxijiuim amount of iiifiow. Take a sample of cream 


and skimmed milk and test for fat. 

2. Shut off the inflow a trifle, lake another sample of 
cream and skimmed milk ami test for fat. 

d. Shut off inflow still more. Take sample of mill: and 
cream again and test for fat. 

^ Report Rehuets. 


Per OjU I- lit 
in Wliulo Milk. 

IVr Ont Fat IVr (Vnt Fat 

in Skirn-milk in (Vearn 

Nairn* of 
Separator. 

No. 1. full milow 



_ 

~ - 

No J. Inflow 
clostMl ;i trifl* 



No. 8. Inflow 
ciijsed conHideral)l\ 






Keinarks 


Signed, 
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Exercise No. 5. 

To deterinine effect of diluting whole milk with water, upon 
thickness of cream and com})leteness of separation by the dilu- 
tion method of separation (hydraulic). 

1. Mix some milk containing a definite percentage of fat. 
Pour an equal amount into two shot-gun cans, and number 
them 1 and 2. Do not fill them full. Allow enough space so 
that 25^'v' of water can be added to can No. 2. 

2. The cream should be left to raise at the same tempera- 
ture. 

3. Test cream and skirn-milk for fat by the Babcock method. 


Report Results. 



Separation 

Temp. 

Per ('ent 
Fat in 
Cream . 

Per Ont 
Fat in 
Skim-nulk. 

Pounds Fat 
Lost in 
Bkim-milk. 

Time for 
Separation. 

^ality 

Cream. 

No 1 
Cooley 

i 


[ 




i 

No. 2 ' 

Hydraulic 


' 


! 



Remarks. 


Signed, 
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Exeecise No. G. 

To dotorniiiin effect of tiiph and low tcniprrature upon 
tkickn(\s8 of cream and conipletone-s of separation by the deef)- 
setting gravitv system (Cooley). 

1. Mix thoroughly some whoh^ milk containing a definite 
per cent of fat. I'lil two clean shot-gun cans vviih it and num- 
ber them 1 and 2 res])ectivelv 

2. Cool to^ and keej) No. 1 at a low ternpiTature (about 
50° F.) for at least 24 hours. No. 1 should kept at a tem- 
perature of about G0° F. to 70° F. the saiiu^ length of time. 

d. Skim boUi cemfuls of milk. Test the cream and okim- 
milk from eaeh for butter-fat. 

UkI’OKT l^Esm.TS. 


.Skinmnr»K I IVr Ont I-at 
'T rufK^rat tin*. { in Oeain 


\o I 

Ix)W Tt‘mi)erat urt 


i 

Xo. 2 i 

Temperature 

Uemarks 


1'inir* for 
Sc|)aialion. 


I 



j JVr (Vni l ii( 

' in Skini milk. 



Signed 
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Exercise No. 7. 

To determine effects of cream-ripening on quality of butter. 

1. Divide a certain weight of cream, containing a definite 
percentage of fat, into two parts (1 and 2). Cool No. 1 to about 
50*^ F. Ripen No. 2 to the proper acidity and cool to about 
50° F. 

2. Test both lots for acidity. 

3. Churn the two lots of cream, wash, work, and salt alike, 
and note the difference in the two lots of butter. 

4. Test the buttermilk for fat. 


Report Results. 



Per Ont ^ 
Acidity 

Pounds of 
% 

Cream. 

Pounds jof 
Fut. 

Pounds of 
Butter. 

Per (Vnt 
Ov'errun. 

Per Cent 
!’at in 
Butternulk 

No. 1 
Sweet 


L __ . 

1 




Xo, 2 
Ripe ! 


! 1 

1 1 




Remarks, 


Signed 
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Exercise No 8. 

To (letennine the effects of liigli and low churiung tein[»era- 
tures. 

1. Divide a definite iiuinberof j)ounds of ripened cream, con- 
taining a certain p^a-centage of fai, into two l(/ts (Nos. 1 and 2). 

2. Churn No. 1 at about 52° F. 

3. Churn No. 2 at about 00° F. 

4 . Test th(^ buttermilk for fat. Color, wash, work, raid 
salt alik(‘. 


Rf.POUT UkhI’L'I'S. 


1 

No. 1 

Lo^v Tttin- 
^KTiiture. • 

1 

IVr ( '«‘nt 
^oidil \ 

I'ouiun of j 
OreniiJ * 

INujiuJh of 
I'at 

1 

, Pounds of 

Hnlirr 

IVi Coni 
< )vi'rrun. 

fVr ( Vnt 
tjil in 
Buiierrnilk 


1 

i 

i 

1 



No 2 

High loin- 
pcratua'. 


i 





Rejiiarks. 


Signod 
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Exercise No. 9. 

To determine effects of duration of temperature. 

1. Divide a definite number of pounds of ripened cream^ 
containing a definite percentage of fat, into two lots (Nos. 1 
and 2). 

2. Cool No. 1 to 50° F., and let stand at least three hours. 
(Preferaldy overnight.) 

3. Cool No. 2 to 50° F., and churn at once. 

The two lots should be churned at the same temperature. 


llEPoifT Results. 



Por Cent 
Acidity 

Pound.'^ of 

7c 

Ooani. 

Pounds of 
J'dil . 

Pounrl.s of 
Butter. 

Per (?ent 
Overrun. 

Per Cent 
Pat in 
Buttermilk 

No. 1 
C'ool(‘(l a 
long time 

1 

1 


1 



No. 2 

(’ooled a I 
short time 


I 

! 





Remarks. 


Signed. 
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Exercise No. 10. 

To determine effects of pasteurization upon butter. 

1. Dividf a definite number of pounds of sweet cream, 
containing a detinite per cent of tat, into two lots (1 and 2). 

2. Pasteurize' No. 1 to about 175° F., by putting the can 
containing the cream into hot water, itinen and cool to 50° F., 
and allow to stand at least three hours before churning. 

5. Ripen N(». 2; cool to 50° F., and churn. 

Note the dilTerence in fpiality of the tw(^ lots of butter. 

Uepoht Hehclth. 


IVr(V>nt ' eoun.i^of I „f 

Aci'ljty. f',-. o,,'/' I 


PouiuIh of 
Butfor. 


Per ('ont 
< )verrun. 


Per Cent 
1 I'ftt in 
; Btitterrnilk 


No 1 

Patot cun ('<i ’ 


No. 2 
\ aipa.s 
ttMinzed 



1 


Remarks, 


Signed 
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Exercise No. 11. 

To determine effect of percentage fat in cream upon quick- 
X^i&m and completeness of churning, and also upon conditions of 
butter. 

1. Take two lots of ripened cream. Number thin cream 1, 
and thick cream 2. 

Ripen both lots of cream to proper degree of acidity, and 
temper to the same churning temperature. 

2. Note the time it takes to churn each lot. Also note the 
condition of the butter when it breaks. 

3. Test the buttermilk for fat. 


Rkport KkST’LTR. 


1 

IVr Ont 
AcicJit y 

I’oiuuIh of 

( 'rouTii 

Pounds oi 
Pat. 

Pounds of 
Putter. 

IVr Ont 
( )verrun. 

Per Cent 
Fat in 
Buttermilk 

No. 1 

Thin cream 


1 





No. 2 * 

Thick cream j 


i i 




1 

i 


Remarks. . 


Signed, 
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M\kh(' 1 sk No VJ 

Forinoiitatioii tv<\. 

1. Tako pint-jars ami cK'an th^ni thoroujrhly. Nuni- 
Imt tlu‘in 1, 2. and 3. 

2. Half fill Nos. 1 and 2 with the srin(‘ kind of milk; add 
a little pinch of rnanun' or dirt to No. 1. L(‘t thorn stand at a 
t(*inp<‘raturo of ahont tKP F. and closely note tlu^ chan^(‘s that 
take plac(‘. To No. 3 add a difha'ont kind of milk, and let it 
f{‘rimait undcT th(' same conditions as ahoxaa 

c 

Note* the diri'(‘renc(‘ in tast(‘, smell, and app(*aranc(^ wluai they 
hav(‘ coa^^iilated 


lirmark..^ 


No 1 

Dirt .‘ul<lod 


No J 


No 


Signed 
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Exercise No. 13. 

To determine effect of uneven distribution of salt upon 
t^ter. 

1. Churn a certain amount of ripened cream containing a 
definite per cent of fat. 

2. Divide the butter into two lots (1 and 2). To No. 1 
add salt the same as usual, but do not work the butter so much. 

3. Do not add any salt to No. 2. 

4. Vixvk in separate tubs and let stand over night, then 
closely examine both the lots of butter and report your observa- 
tions. 



IVr Ont 
Acidify. 

Croan!'. ■ 

1 

Pfnind.'i of 
Butter. 

Per Cent 
Overrun. 

Per Cent 
Fat in 
Buttermilk 

No. 2 
Salted 







No. 2 
I'lusalted 


i 






Remarks. 


Signed. 
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Exercise Nc 

The (letemine effect of length of time eroaoi is kept upon 
quality of butter. 

1. Skiin a ci(*hnite amount ( f cream ami kec]) it in cold 
wahT one week. Then churn and nob* (pinlity of butter 

li. Skim about an e(|ual (|iiantity of cr(‘am on tlie same sepa- 
rator. Have all conditions a.s near alik(‘ as j)ossibl(‘ in order 
to obtain same thickm'ss of cream and oth(a*\\is{‘ comparrtive 
results. Hi[H‘n and churn this while th(* erc'am is fresh. 

3. Compare results with No. 1. 

liKPOHT Kk.HITLTS. 

AKf : „',‘'»uu"rn' ilk. I V "f Hutlpr. 

No 1 : 

i )!<? cn'am i | 


X) 2 

F'>es)i cnviin 

Httinarks 


Sigiicd, 
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LEGAL STANDARDS FOR MILK— DAIRY LAWS * 


The following Stat(\s and Territories, viz., Alabama, Arizona, 
Arkansas, California, Colorado, Delaware, Jdorida, Louisiana, 
Mississippi, Missouri, Montana, North Dakota, Texas, and 
Wyoming, have established no legal standard. 

The Dominion of Canada, Connecticut, Idaho, Illinois, 
Indiana, Kansas, Kentucky, Maryland, Nebraska, Newada, 
New Mexico, Nortli Carolina, Oklahoma, vSouth Dakota, Ten- 
ri(‘ssee, Utah, Virginia, and West Virginia have general laws 
prohibiting dilution, skimming, or other adulteration. 

In other States the percentage standards are as follows: 


District of ('olurnhia 

Sj^ecific 

CJravity. 

Toi 1x1 tt’o+m 

Solids 

Per Cent, 
m .p; Q .fS 

(roorgiu 


12 


3 5 

fovva 


12 

5 

3 

Maine 


12 


3 

Massachusetts (Afir. to Aug., inclusive). . 


12 


3 

(Sept, to Mar. “ ). . 


13 


3 7 

Michigan.... ... 

1 ()'J9-1 03.3 

12 

5 

3 

Minnesota 


13 


3 5 

New Hampshire 


13 



Ncnn Jersey 


12 



New ^'ork ... 


12 


3 

Ohio (May and June) 


11 

5 


“ (July to April, inclusive). . 


12 


3 

Oix'gon 


12 


3 

Pennsylvania t ••• 

1 020-1 033 

12 

5 

3 

Ithode Island 


12 


2.5 

South Carolina 


11 

5 

3 

\'ermont (May and June) 


12 



“ (July to April, inclusive). . . 


12 

5 


Washington 


11 


3 


* From Wing ill “ Milk and Its Products ” 
t Applies only to cities of tlu‘ s^'cond and third classes. 
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METRIC SYSTEM * 

METRIC SYSTEM OF WEIGHTS AXi) Ml^ASl in^.S AND TABLES 

FOR THE ('ONVERSION OF METRU' WKlGH^rS AND MEAS- 

rUES INTO ( CSTOMARY I'NTTEI) STATES EQUIVALENTS 

ANT) Tin: REVERSE. 

Ill tho niotrir systoni tlu* meter is the huso of ull tho woiphts 
and nioasuiTs it (Miiplovs. 

The riK'ter was iiiten(l(‘(l to be, and is v(Ty ni'ariy, one ten- 
inilhonth part oJ[ the distanec‘ measured on a riKaidian of tin* 
earth from du' oipiator to th(‘ })ol<‘, ami (Mpials about 39.37 
iii(*h(‘s or nearly 3 had 3' inelu's. 

Tlie m(‘t('r is the ])rimary unit of hmj^th. 

I'j)on th(' m(‘t(‘r are bas(Ml the followinji primary units: the 
sqiiari' nuder, the an‘, tiu' eubie mider or store, the lit(T, and 
t}it‘ aram. 

Thr (piare metir is the imit of nu'asure for small surfaees; 
as iIh' surface of a floor, tabhn (dc. 

Tlie an* is th(‘ unit of land imsasure; this is a stman^ whose 
sid(‘ is 10 meters in length, and which contains 100 s([uare 
nad^Ts. 

Th(‘ cubic meter (jr stiae is the unit of vedume; this is a 
cube whose edfre is 1 nietiT in len/zth. 

The litre- is llu' unit of capacity ; this is th(' capacity of a 
cube whose i‘d] 2 ^e is oi;e-tenth of a metcT in hm^th. 

'Fla* ^ram is the unit of weia;lit ; this is the wei;j!;ht of dis- 
tilh'ri wat(*r (-(‘iitained in a < ube w ho.s(‘ (mIj^c is tlu* on(*-hundredth 
part of a meter; a gram is therefore the one-thousandth part 
of a kilogram, and the oncMiiillionth part of a metric ton. 


♦ From The American (’hamiKir of (’ommerce. 
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Measures of Length. 


Metric j^enominaiions and Values. 


Myriameter 

10,000 meters 

Kilometer 

1,000 meters 

Hectometer 

100 meters 

D^kameter 

10 meters 

Meter 

1 meter 

Decimeter 

1 meter 

Dentimeter 

01 meter 

Millimeter 

001 meter 


Equivalents in Denominations in Use. 


0 2137 miles 

62137 mile, or 3,280 ft. 10 in. 
328 feet 1 inch 
393 7 inches 
39 37 inches 
3 937 inches 
3937 inch 
0394 inch 


Measures of SrrriFAt’E. 


Metric Denominations and \’Hlues 


Equivalents in Denominations 
^ in llse. 


Hectare. . 
Are. . . . 
Centiire. . 


10,000 square meters 
100 square meters 
1 square meter 


2 171 acres 
119 6 square yards 
1 ,550 sijuarc inches 


MeASITHES of CAPAriTY. 


Metric Denomiruvtionrf' and Values. 

Equivalents in Denominations 
in Use 

Nunu's 

No of 
Liters 

Uuhic Measure. 

Dry Meaaure. 

Liquid or Wine 
Measure. 

Kiloliter ] 
or stere. . / 
Hectoliter. . 
Dekaliter. . . 
Liter . 
Deciliter. . . 
Ontiliter. . . 
Milliliter. . , . 

1,000 

100 

10 

1 

I .1 

1 .01 

.001 

1 cu!)ie meter 

.1 cubic meter 

10 cu. deciinet(‘rs 

1 cu, de(‘imeter 
.1 cu. decimeter 
10 cu. centimeters 

1 cu. centimeter 

1 .308 CU. yds. 

2 hush. 3.35 pks. 
9 08 quarts 
.908 (juart 
6.1022 cu. ins. 
.6102 cu. in. 

.061 cu. in. 

I 

264.17 gals. 

26.417 gals. 
2.6417 gals. 
1.0567 qts. 
.845 gill 
.338 fl. oz. 
.27 fl.dram 



MBTniC Sr&TEM. 


3l7 


M,* 




Metric t<>;i. 
Quimjil 
A^^rja^ram 
Kilo{j:niin or kilo 
He<-io^rain. . 
Deka^rnin 
Oram. . . . 

I)e(a^ram. . 

( Viitigram 
Millu^rani. . . 


('oMNtnv Mka." 

Tlie foiiowinc; 


(Mir.. 

1 UK'!) 

1 fool 
1 yard 
1 rtxi 
1 mile 

1 '^<juare ineh , 
1 s*jiiare foot 
1 Mjintre yard j 
) M{iiar< rod , 
1 acre 

1 square mile ; 
1 enhic inch 
1 cubic f<M>t I 
1 cubic yard 


W KUJHTS 


tr.o Ik nonunatuiD'' niul Vaiiit-'- 


* 

tk^aiviilouts in I>en»- 
nuimtnais in I'iio. 


I ViimlK»r Ilf 
1 (irttui". 


1IK),(KK) 

m/UK) 

i 1,(KK) 
bH) 

10 

1 

.1 

.01 

IM)1 


V 


if ^^'hn^ 

QiuiK.it> of \\iitf‘raf 

.M'i\KK(jtn 

I cubic inctiT 
I liectolifer 
’ <i<‘kahter 
1 liter 
1 ileciliter 

10 cubic c(‘nf imeter* 

1 cubic ceutuiu'tcr 
.1 i-ubic ceuiunetcri 
10 cubic luilhinctcr' ! 
1 cubi<* uiillimcU r j 


I Vv^arunpuKv Weinlit 


2204.0 jK'Uiid.s 
220. ♦() laumdM 
22.040 fMuuids 
2.204ti |K>und» 
II rj274 ouucea 
.0527 ouiK*o 
1 5 402 Krai us 
\ .54.02 Rrains 
.1 .510 R. .'lin 
.0151 grain 


ruKH ANh VVi:min>i, with rnKiit VIkthic KtO' ivaleni's. 


.some of the Mc!isui(“t m common use, with tlieir (‘quiva- 
leuts in m<‘as«irc.s of the Metric Systtau' 


bum -aUMitH 


j ('otnrnon Mcm^upch Kfpai vaienf 


2.54 cimt irneters j 

004S nu‘ter } 

oil 1 TutOer I 

5 02f) meters : 

1 r»00.0 kilonieter.s j 

tJ.452 sq centimeterHi 
.0020 sq. metor | 

.H301 .sq. meter 
25 20 H<i. meters 
.4047 hefdare 
*50 hectare.s , 

10.39 cu. centimeters | 
.028142 eu meter i 

.7040 cu. meter i 


1 cord 

1 liquid (juart 
1 galioii 
1 dry quart 
1 |M‘ek 
1 Imshel 
1 ounce avVl’p 
1 |K)und a\ 'd f) 

I ton (2(KK1 lbs.) 
1 ton 1 22 10 ll)s. ) 
1 grain troy 
1 ounee troy 
1 }K)und troy 


' 3,021 st«;r(‘s 
.0405 liter 
, 3 S' ’iters 
, 1.101 liters 
; S.sn liters 
35.24 liters 
:2S.35 grams 
.4530 kilogram 
.‘M)72 metric ton 
1 010 metric ton 
.004S gram 
31 .104 grams 
i .3732 kilogram 
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Table for the Conversion of Metric Weights and Measures into Cus- 
tomary United States Equivalents and the Reverse. 


From the legal equivalents are deduced the following tables for con\'ert- 
ing United States weights and measures. 


metric to customary 
Linkar Mf:abure. 


Meiers Inches. 

Meters - Feet. 

Meters = Yards. 

Kilometers Miles 

1= 39,37 

1 - 3 280S7 

1 - 1 093923 j 

*1 =0 62137 

2- 7X.74 

2= (> 5(>1 74 

2 = 2 187249 

2 = 1 24274 

3-n<s n 

3 - 9 S42()l 

3 = 3.280899 

3 = 1.86411 

4-157 4cS 

4-13 12348 

4 = 4 374492 

4 = 2.48548 

5- UK) S5 

5-19 40435 

5 = 5 498175 

5 = 3 10985 

h-23() 22 

= (}S522 

9 = 9 591738, j 

6 = 3 72822 

7-275 59 

7 - 22 9()(i()9 

7 = 7.9553()1 1 

r 7 = 4 34959 

8-314 9(> 

8 - 29 24999 ‘ 

S = 8 748984 

8 = 4.97099 

9*354 33 

9- 29 52783 

9 = 9.842907 

9 = 5.59233 


(’u.stomary to metric. 

Linear MEAsritE. 


Inches Centimeters 

Feet ^-Meters. 

Meters*** Yards. 

MiJe.s -S'- Kilometers. 

1 = 2 54 

1 =0 304798 

1 -0.914393 

1 = 1 90935 

2= 5 08 

2 = 0.(K)9599 

2 = 1 828787 

2= 3.21899 

3= 7 92 

3=0 914393 

3 = 2 743179 

1 3= 4 82804 

4 = 10 19 1 

! 4 = 1 219191 

4=3 957574 

4= 9 43739 

5 = 12 70 

5 = 1 523989 

5 = 4 571966 

5= 8 04974 

9 = 1 5 24 

9 = 1 828787 ' 

6 = 5 489358 

9= 9 9.5908 

7 = 17.78 

7=2 1335.S4 

7=9.400753 

7 = 11. 29,543 

8 = 20 32 

8 = 2 438382 

8 = 7 315148 

8 = 12 87478 

9 = 22.89 

9 = 2.743179 

9 = 8 229,537 

9 = 14 48412 
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Sqvakk Mk^ 

kHV » 




('rim M 

KASr RK. 

5 t 






1 

! 


- 1 

1 £ 


t 



£ 1 

£ 

§1 

( « <V c ^ 

S-2? ^ S 


.. t'c 

fld ^ rt 


'Jt 

♦ 

! 

Jr 


•1 A 


X 




O d..' 

1-0 i/»r> 

! 10 "( 

)4 

1 - 1 100 

1 

- 35 ■';i.5 

1- 0 02K'i2 

2-i) .sio 

: 2-21 51 

.*8 

2- 2 .30 

> 

2 

7oj •»,>r i 

2-0 0f>003 

3 () m;-) 

' 3 - 32 2< 

02 

3 - 3 58s 

2 

105 047 1 

3-0 08405 

4-0 020 

4 13 0. 

75 

4- 1 781 

4 

'111. 202 : 

4 M) n:v 2 o 

5 0 77 r, 

5 53 SIO 

5 5,08) 

5- 

- 1 70 .58 4 j 

5-0.141 .58 

i\ 0 03(» 

0> -01 5S3 

(» - 7 I # 

> 

0- 

- 210 8<)0 1 

0-0.109<H) 

‘7-1 OS') 

7 / 5 3- 


7 " 8 .37 

> 

7 ' 

‘2 47 200 

7-0 19S21 

« - 1 .240 

s so 1 1 1 

8.^- 0 .50vS 

8 

-282 5‘25 

8 - 0 . 220,53 

0 1 ;ior> 

1 1) - or, s‘ 

i 


0 ^ 10.704 

0" 

-317 840 

0-0.25484 

iSQl ARK MkaSI'H 





I.i<j> n» Mi.^k 

'RK. 

t d ; 




£ 




4.“2 ■■ i 4 ' 

S-5 5 § 

B r~ ' 

• t >1 
su, 

4/ 7. 
¥ 

L 

« X 

1 - _ 
c 5 

,4- r- 

4- 

C 

1 

t' rt 

5 Z 

E ^ I 

^ s 

t: « 

r: V. 

/ X 

A 

X 



« ‘O' 

>-J J 

1 - 0 452 1 

0 002‘K> 

I » 

0 8.30 

1 -0 ;i 

:3S 

1 ™ 1 0.507 

1-0 ‘20417 

2-12 <K);i 2 

3 185S1 

2 , 

. 1 072 

2 () 070 

2 - 2 11 34 

2-0 5*28.34 


0 2787 1 

3- 

-2 508 

3- 1 011 

3 3 1 7(H) 1 

3-0 70251 

4 - 25 SOii 4 

0 37101 

4 » 

^3 314 

4-1 ,3 

52 

1-4 ‘2207 

1-1 0,5008 

5 52 ‘>77 , 5 

0 40152 

5 

4 181 

5-1 001 

5 -5 ‘2831 

,5 1 .32085 

r» ;{s 7<''' 1 0 

-0 55712 

0, - 

5 017 

0-2 0'20 

0 (i 3101 

0 1 .58.5)2 

7 " 15 04) 7 

-0 0,5032 

7 

5 8.5:1 

7 » 2 3 

08 

7-7 3008 

7-1 81019 

8 - 51 012 S 

-0 74323 

8 

<; 080 

8-2 7 

or, 

8- 8 4531 
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APPENDIX. 


Weight (Avoirdupois). 


Centi- 

grams 

li 

Grains. 

• 

Kilograms 

11 

Oounces 

Avoirdu- 

pois 

g 1 

£ ^3 

a 

Metric 

Tons. 

1 

Long 

Tons. 

1 -0.15^i3 

1 - 735 274 

1 - 2 20462 

1 -0 9842 

30S() 

2- 70 548 

2- 4 40924 

2 = 1 9684 

3-0 4630 

3-105 822 

3- 6 61386 

3 = 2 9526 

4 - 0 . 61 73 

4-141 .091) 

4- 8 81849 

4=3 9.368 

5-0 771() 

5-176.370 

5-11 02311 

5 = 4 9210 

6-0 9259 

() = 211 .644 

6-13 22773 

6 = 5 9052 

7-1 0.S03 

7-246.918 

7-15 13235 

7 = 6 8894 

8 - 1 2346 

8-282.192 

8-17 63697 

8 = 7 8736. 

9 - 1 . 3889 

9-317.466 

9 - 19 8 1159 

9 = 8.8578 

, 

1- -ii 

p a ^ 

r N 

3 

r ^ 

'ii 0 Vi 

2 " 7 £ 

o 6 

1 i 

V t o3 

rr c or. fc- 

II ^ 

tr •< c. ~ 

^ W 

t 

Long 

Tons 

Metric 

Tons. 

1 - () 4799 

1 - 28 3495 

1 -0 4,5359 

* 1 = 1 0161 

2 - 1 2 9598 

2- 56 6)991 

2-0 90919 

2 = 2.0.321 

3- 19 4397 

3- 85 0486 

3-1 36078 

3-3.0482 

4 -25 9196 

4- 113 3981 

4 - 1 81 137 

4=4.0642 

5 - 32 3995 

5- in 7476 

5 = 2 2()796 

5 = 5.0803 

6 -38 8793 

6 170 0972 

0> = 2 721.51) 

6 = 6.0363 

7 - 45 3592 

7- 198 4467 

7-3 17515 

7-7.1124 

8 - 51 8391 

8-226 7962 

8 = 3.62874 

8-8.1284 

9 - 58 3190 

9 -255 1457 

9 = 4.08233 

9-9 1446 
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Butter, ap;>earance of 292 
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change 292 

exp )rt.ation of 296 

flavor of. . . . ... 290 

judging and grading of. . .... 286 

keeping in creameries ^76 
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mottled, causes and remedy 263 
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printing of. ... 274 
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texture or body of. . ... 290 
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working of, . . . . 266 

Buttermilk . ‘ 227, 2.32, 247 
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Ca.sein in milk, condition of. .... .1,5 

Centrifugal st'paration of cream. .129 
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('liurn yield, calculation of ... 109 

Churned milk, sampling. ... 96 

Churning, amount of cn‘am for a 233 

condition.s afTecting 227 

definition of 226 

difficult, cau.st's and nnnedy for 243 
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Churning mixed, swcd. and sour cream. 

iiatuff* of .agitation toi . . . 

ricliness of v’leain for 

straining of cream [>r<*\ lous to 
ulien tv) slop. 

(’itrlc acid tii milk . . 

('olor. butter . . ... 

( 'oioring matter i.- minv 

< 'omiK>-ite .'^am{)lcs . . . . 

(an' and arrangement of 
j-rt stTv ati\ e.s for 

„ .-a'Mpling apparatus lor. . . . 

< ^>m{w sii i(in of 1 mtter. 

of ’colost rum milk 

of dairy .''alts . 

of difft reiK kinds of milk . . . 

( (feet of, on (jualif y of 1 itti'r. . 

of salty milf . 

of ■M-pa! a! a ' lime. 

oi' t iiU'Cculoti ^ milk . . 

('omnu'rcial s(a* »ers . , 
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Continuous mctliod of pa'^tiau i/,at ion. . . 
‘“Cooles ’ tuctlio of cream '•cparaiion 
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hiei'd (>t 
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talse showing profit okI loss in keeping 
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care of, on f.arm 
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grading of • 

mctlaKla of dis|K)siiig of 

mi.xing of dilTcrcnt <jualities. .. 
pji'-tcuri/at ion of 
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richness of 

rijxming of .... 

sampling of .... 

spei'ific heat of. , . . 

Crt'amery sewage di-‘'po.sal. 

jilan.'' 
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Difficult churning, eauw'K and remedy 243 

Dilution, effect of, on creaming 128 
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Factories, plan of 279 

Farrington's test 208 

Fat in butter 286 

m milk , 5 

com]:) 08 ition of 13 

condition of * 6 

effects of environment 76 

of heat on, . 42 

of various feeds on composition of 75 

glycerides of 8 

glycerine in 14 

melting-point of 12 

men)brane enveloping fat globules 9 

microscopical appearance of . ... 6 

non-volatile 12 

paying for, as compared with fat in cream 116 

separation of 123 

size of globules 7 

testing for 84 

volatile 11 

Feeds, effects on milk 75 

Ferments in milk, 44 

classes of 44, ■19 

favorable and unfavoralde condition for 45, 48 

Fermentations, det(H‘tion of 56, 81 

various kinds of 44, 55 

Filtration of water. . . 250 

methods and effects of 251 

Flavors of butter 290 

of milk 18, 30, 40 

Food for bacteria 45 

Fonnula for calculating churn yield 109 

cream-raising coeflicient 113 

dividends 109 

overrun 107 

solids in milk 35 * 

Frozen milk, effects of freezing 90 
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Galactase in milk 20 

Gases in milk, eliminating 20, 1S4 

kinds and sources of . , . 18 

Gcrlx^r fermentation test 81 

Cilassware for Halx-ock test • 86 

Grading milk and (*ream 78 

Gravity separation, different systems of . . 

Gritty butter. 

Heat, effects f)f. on profKirties of milk 38, 82 

Heating nnlk })f*oK)os to skimining. UH 

Hegelund method m 1 milking 71 

HVdraulie metliod ol .x'paration 128 

Hydrtigen |x'roxide . 42 

Intermitt ant metlanl of pasteurization . 173 
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^ 'landard hu- 280 

Keeping projs'iiy 1\)2 

(‘HVct of salt on 25.S 

Laboratory exer(‘i>es in farm d.orying. 200 

i.acTatioii jx'riod (Jfect ol. on milk ami fat. 74 
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bloody 56 
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classification of 1 
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definit ion of. . . 1 

effects of thunder-storms on souring of 53 
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Milk, from barren and spayed cows 61 

grading of 78 

necessity of good 89 

properties of, physical and chemical 31 

ropy 58 

salty 55 

sampling of 93 

frozen, churned, and sour 22, 96, 97 

secretion of, conditions affecting 28 

theories 25 

specific gravity of 32 

total solids of 

tuberculous cows’ 62 

variation in quality of, and causes 65 

Milking, fre(]uency of 68 

manner of 70 

Milking-machine 70 

Mottles, causes of, in butter ^ *263 

kinds of * 263 

prc\cntion of 264 

Natural starters, jireparation of 217 

New York Ivxtras defined 293 

Non-volatile fats 12 

Nuclein in milk 20 
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Overrun, definition and calculation of ]()7 

factors governing. . 108 
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kind and size of package 270 

preparation of tubs previous to 271 
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Pasteurization, advantages of 184 

cost of 183 

definition and methods of 173 

disadvantages of 186 

factors to consider in 175 

of sour cream 180 

use of, direct steam in 174 

Pasteurizer, durability and efficiency 175 

Paying for fat in cream as compared with fat in milk 116 
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factors goveniing riehnesa of cream. . . ... 137 

gravity 123 

heating milk for 118 

history’ and development of 130 

process of centrifugal J31 

, results from different methods of 120 

Separator farm, introduction and development in Iowa H6 

reasons for introducing 147 
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Separator slime, composition of. 144 

Sewage-disposal plants, cuts of 278 

Score-cards for butter 287 

Shallow-p^n creaming 123 

Skimmed milk, apportioning 97 

Standards, legal, for milk 311 

Sterilization 173 

Statements, anpual Ill 

patrons’ montlily 113 

Starter cans 325 

Starters, amount to use 196,224 

definition, history, and classification . . . 2U; 

inoculation 220 

length of time to carry 222 

over-rit:>cning and under-ripening of. . .... 223 

preparation of .217,211 

Sugar and curd in butter . . . . . 282 
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Streaked butter ... ‘ ^ 263 
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separation .... 118 
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Tests, fermentation 81 
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Wider, external appearance of 21> 
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Unorganized fenncnts 44 

Urea in mil k 20 

UteiiMls, eleaniag 146, 159 


Variation of fat in milk, cause"' of 6;* 

Vi.scogen, ust? ot 39 

Vuscu.sity of milk 37 

n'siorati >n of 39 

Volatile fats 11 
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.condition ot. . . 242 

AN atm-, in relation to salt m buffer 259 

metiiods of pinif^irig 250 
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Working of butter, object.^ and etTeids of 206 




Since they were first put on the market, \'ears ago, tlie 

U. S. CREAM SEPARATORS 

have been constantly improv d and have always stood before the 
dairy public as pre-eminently the bcst cream separator in every 
essential point, • 

The superiorit}’ of their skimming has been repeatedly demon- 
strated, and at the Pan American Exposition i?j 1901 the U. S. 
established the 

WORLD’S RECORD 
FOR CLEAN SKIMMING, 

by leaving only .0138'^ butter-fat in 
the skim -milk as the average for 

50 separate^ consecutive runs — 

25^^ less loss of buttcr-tat by the 
U. S. than b\' any competitor. 

At the Lewis and Clark Exposi- 
tion, Portland, Ore., 1905, the lb S. 
SkI’AKATok lowered this record to 
.0126^ ^ as a tlirec (la}’s’ composite 
test of tile separated milk from all 
the cows of all the dairy herds at 
the Ivx posit ion. 

U. S. Skfaraiors are made by 
a compan}^ which for over 32 years 
lias devoted itself to manufacturing tlic liighest giarJe a])paratii.s. 
The U. S. SeparA'I'or to-day is the result of many )^ears of 
experience and progress. In consequence the U. S. Sei'ARATORS 

ARE BETTER BUILT 

than any others, and so last much longer and still do the best work. 
Thousands of satisfied users te.stify to this. 

Write for a liandsome catalogue containing some of their letters 
and fully describing the con.struction of the U. S. SEPARATORS. 

VERMONT FARM MACHINE CO., 

BELLOWS FALLS, VT. 

18 centrally located distributing warehouses throughout U. S. and Canada. 




IOWA DAIRY SEPARATORS 


are built under patents owned by this company. The patents 
cover the broad right to narrow the strata of milk in the 
blue milk zone and to widen the strata toward the center 
of the bowl where the butter fat is denser. The result of 
this form of construction permits the skimming of low-tem- 
perature milk practically as clean as at normal temperatures, 
and so controls the currents as to absolutely preclude fhe 
clogging of the separator bowl. 

To know how close a se[)arator can be n^iade to skim 
under adverse conditions is learned practically only b)^ trying 
out an IOWA MACHINE. It is impossible longer to 
have any comi)eting tests between the IOWA and other 
machines, because' all separator men know that as a close 
skimmer the IOWA Is in a class by itself 

We will be pleased to furnish an IOWA MACHINE 
for a competing test with any other separator to enable 
you to know the truth of our claims. If you are buying 
cream separators or recommending them, don’t you think 
in all honor that you should know for yourself the com- 
parative skimming efficiency of the different separators? Why 
not test them out? We will furnish the IOWA to set in 
against other machines. 

IOWA DAIRY SEPARATOR CO., 


Waterloo, Iowa. 
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That's what every man is in business for — ^profit. The 
use of a cream sejjarator is becoming general among pro- 
gressi\e farmeis ami dairymen. It is no longer a (jucstion of 
whetber a cream separator vmII be a j>rofital)le investment, 
but ralla r “which separator will best meet the letiuiromenfs 
of the dao yman ? ” 

The Cream Harvester sets a Standard of Excellence. 

It IS light running, simple and di]ral)le in constriietion, has 
large capacity, and skims close. Tluac are many 
other excellent features about the Cream Harvester 
whic'Ivoe set fortii in oiii Cieam Separator booklet. 

W rite for one. 

International Harvester Company of America 

(Incorporated) 

CHICAOt^, - - ILUNOIS 



BOOKS FOR FARMERS AND DAIRYMEN 

I’CI'LISIIM) ItV 

JOHN WILEY & SONS. 

THE PRWaPLES OF ANIMAL NUTRITION. 

With Special RefonMiUf to llu* Null itmn of iMnn AniniaK. IIuiirA Prentiss 

Armh'., IMi.lc, lareAoi o| ihc I’cnnsy Iv.mi.i St. iff ( ollo^c viltur.il KxpcTiinunt 

St.itio.i; k.xpcit in .\niin<(! Nuttilion, United StaU 'n Dup.trtmunt .. Agric ullmu. 8vo, 
vii -pni 4 ^ loth, 54. <X). 

MANUAL OF CATTLE-FEEDING. 

A loMlnr on the I>av\^ ol Aininal Niitiition and tin* (dieini'^lry of FiTsling-stuffs in 
thru Ap])lu atlon to the kn dni),’ of Farm-aniina!>. With Illustrations and an Appendix 
of Useful 1 ahif"' b}' Ihnry \\ Arinshy, Fh.D., Direttorof the Penns) Iv.inia State 
Collej^e Agriuulluial Fxpcrinicnt Station. i2ino, x -g 52O j>ay;« t loth, Si 75. 

A HANDBOOK FOR FARMERS AND DAIRYMEN. 

I>y 1 ’ W. X\olh A>si'tant PrulrS''Or of A^ricultoral ( liemi^trv, University of Wi'»- 
consin. Whth the As-istame of well known S|k*< lalists. Third Kdilion, Revised, 
itiino, XV 438 pages, illustr.ited Cloth, $1.50. 

THE PRINCIPLES OF MODERN DAIRY PRACTICE. 

I'rom a lUctenologic.il I'<nnt Vi» wn Pv G(>sta (irotenfelt. Presnler t Mnstiala 
Agricultural College, Finland. Authorized American Kdituin by F. W. Woll, Assistant 
Professor of Agricultural Chemistry, University of Wibcousin. Third Edition, Re- 
vised. 12010, VI 4 * 286 pages, 32 figures. Ch>th, $2.00. 




SHORT^TITLE CATALOOUE 

oar vsm 

FtJBIilOATIONS 

JOHN WIlSt & SONS, 

New York. 

liomwv: CHAPMAN & HALIi, lAvmah 

'* ■ . -TT- ■ 

AKRANOND UNDER STJBJBCm 

I>escHptiv« circularf; sent on application. Books niv^rkeii with an aatariak C**) vn tolA 
^at Mri pricca only, a double awteriak book* aoW under th' ml«s r*f th« AniMtHoUk 
Publishers' Association at prices subject to an extra charge for postago. AU beolei 
are bound In^ioth unless otherw'se stated. 

AGRICULTURE. 


Armsbg'a Mamial of Cattle^feediog .xamo, Ss 

^ Principles ol Animal Nutrition 870, 4 

Budd and Bansen’s iSnurican Horticultural Manual: 

Parti. Propagation, Culture, and Improvement. xamo» x 

Part II. Systematic Pomology, xamo. t 

Downing's Fruits and Fruit-trees of America 8yo, 5 

Elliott's Engineering for Land Drainage tamo, v 

Practical Farm Drainage. . tamo, x 

Green’s Principles of American Poreatry lamo. i 

Grotenfelt's Principles of Modem Dairy Practice. (WoU.) .xarno* a 

Kemp's Landscape Gardening. ... xamo. a 

Maynard's Landscape Gardening as Applied to Home Decoration xamo. i 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, i 

Sanderscn’s Insecte Injurious to Staple Crops. xamo, r 

Insects Injurious to Garden Crops. (In preparation.) 

Insects Injuring Fruits. (In preparation.) 

Stockbridge's Rocks and Soiki 9 ro, a 

Wfnton'a Microscopy of Vegetable Foods dvo„ 7 

Won’s Handbook for Fanners and Dairymen i6mo» x 

ARCHITECTURE. 

Baldwin's Stfam Heating for Butldinga. xamo, a 

|^uLl>ore's Sanitation of a Country Bouse xamo, x 

iletg's and Structures of American Raibroada .gto, 5 

Bixkmire's #|)uaning and Construction of American iTbeatres. . . Svo, j 

Aronilvctunil.It end Steel, . . ..... Svo, 3 

Coxnpnmd Riveted Girders as Applied in Buildings. 8vo, a 

Plannlxkg end Construction of HSg^ Office Buildings. .8vo, 3 

Bkeiotiofi Ci^structioli in Buildings. 8vo, 3 

Bragg's Modem Americeii fieliotd Buildings «vo, 4 

Carpenter's Beatittg end Ventileting erf Buildings. , 8 vo, 4 

Freiteg's Axnhitecfwrsl, Engineering. * Ben, 3 

FiceinuKrfixig of Sb#ol Buildings. Svo, a 

Fnmcli and Ivss% Stssootomy. * 


1 
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Aii^ 7*1^^ . J'. .i 3 m»* 

Strtkctwml Keclina&cB 8ira» 

Holljr^ tkxponietn* mad ... 4 .iSsxo* 

Johntfon*! totics %y llttlMiL 

JQd4«r*9iU«ltit«ct8* And Builders* PoelMt-book. Rcw ri Bis xi Bdition. tdmot tutor. 

JUstrilfs Stones lor Buildixig end Beeoration. Svo, 

WofiM^iMl^xietols: fbelr Oe^torvence end ITiMMi. 

iUili^MiiiC- .4*0 

^ Brecttoel Treatise e& FOfmdetkms. ....'. .Ssd 

Bsebodr*s mrnvrnt Architecture 8vo 

:RicbeT'B Handhoi^'lar Smwrintendests oi Constmction ^ iStoO* mor. 

Biihin*s Industrial and Artistic Technology of Paints «#d Varnish. 8vo 

Siebert and B%gin’s Vedem Stone-cutting and Masonry 8vo 

Snow's Priaciltol Species of Wood Svo, 

flk>nderidser*e Graphic Statics with Applications to Trusses, Beams, and Arches. 

8to, 

Town#*! Locks and Builders’ Hardware iSmo, ntorocco, 

Waifs Engineering and Architectural Jurisprudence 8yO: 

Sheep, 

Law of Operations Preliminary to Construction in Engineexing and Archi- 
tecture 8 VO, 

Sheep, 

•law of Contracts T . 8vo, 

Wood’s Rustless Coatings: Corrosion and EWctrolirsis of Iron and Steel. .Svo, 
Worcester and Atkinson’s Small Hospitals. Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small Hospital 

xamo. 

The World’s Columbian Exposition of X893 Large 4to, 


z ^ 
a so 
75 
a 00 
5 00 
S 00 
4 00 

4 00 

5 00 
7 SO 

4 00 
3 00 
1*50 

3 50 

a do 
3 00 ^ 

6 00 
6 50 

5 00 
5 50 

3 00 

4 00 

s 

t 25 
X 00 


ARMY AND NAVY. 

Berxiadou’Z Smokelets Powder. Ritro-celluloee, and the Theory of the Cellulose 


Molecule ... r xamo, a 50 

♦ BnifTs Text-book Ordnance and Gunnery (Ivo, 6 00 

Chase’s Screw Propehers and Marine Propulsion. .8^0* 3^ '00 

Cloke’s Gunner’s Examiner 8vo, x 50 

Cralg*« Azimuth .4t0, k 5 u 

Crehore and Sejuier’s Polariring Photo-chronograph Syp, 3 00 

e Bavis’s Elements of Law. . * * 8vo^ a so 

♦ Treatise on the Military Law of United States. .... I Svo, 700 

Sheep, 7 SO 

Be Brack’s Cavalry Outposts Ihities. (Carr.). 24mo, morocco, a 00 

Bielz’s Soldier’s First Aid Handbook x6mo, morocco, x 35 

♦Dredge’s Modem French Artillery 4to, half morocco, 15 00 

Durand’s Resistance and Propulsion Ships. Svo, 5 00 

♦ Dyer’s Handbook of Light Artillery raxno, j oe 

Eissler’s Modem Sigh Explosives Svo, 4 on 

♦ Piebttger’s TetxM»ook on field Fortificatton.. SmaBSvoi a 00 

Bamilton’i The Ouxiniir*s Catechism zSnto« x ^o 

♦ Hoff’s Eleaienlary Ilitval TpetUs. 1 /. iSvo* t so 

IngaSs’s^liaiidbook in Direct fins .Svo. 4 00 

O Bafftolk Tabtos. , *Q. . .Seo»'’'’*t SO 

♦ lyonsVlbsaHiaoaHleotoonuignettoPlMnsfnttexi^ and IL .Svo, aaolu Sbn 

♦ M«iuto*i‘fonnanaiil 00a. . Svo, faad^ mmodoo, y 50 

JSmamtfdi Couxtm^mm^ ...*..’k 4 * . 4 ,^«i 8 ta«b»]sxotoiec 0 , i so 

♦ Mfvew^ Attack of fwtilled Places 4 . 4 . . . . . 4 . . . . . .xanKi, 0 00 

o lISttMUiiaof ffto Arl«8 ASvk 4 00 



of tii» <af Wiiiwh»fiKv«lhy^ #-«pt ^ 

** Alta < 3 «im«rT. s irok* 

Ji w T A f^ lafKntiy DviQ lUfiilKtfaoai. .... .«<too« |wpar» w 

Vmmk** Adivammtii' UmxitJi . t M 

........... f fO 

« Pli«^Mil% .. 

PowtUTf Armir Oflte«r*it Egmntnf. 4 «« 

Sluir{»«*k of SalM$«tl«c AnnlM in Wmt^ imo, moineeo^ x jo 

^Widko^ toctumon 400 

* v lioel«r*x Sl«c« Opmfiafio 4fid lIxliXAi^ . .......... 4 «o 

HTbstlkroi^ A 4 Hd«iiiont of Il}|&tsf 4 Xaot. . tmss^.„s $0 

Woodlmiri IfcrtOi 00 XilHaryByi^o^ f^fasikot X So 

Toiu^r't iiiBplt SlBiBoiiia of llAvis^ i 6 «)%iaofMO*> 400 


jmArwo. 

Flotcber*0 IProctlcai loitructioiu in <>tiAiititAtiT« AtMijiiiff with tho Blowpipt^ 

laxno, morocco, i 90 


Ftirman*ft Manual of Practical Aacaylof. ...... .Bvo, 4 00 

t<iil4a*s Ilott« on Assaying aii 4 Mstalhirgical Laboratory Sxparimenta . . 8 to, 3 oo 

Low's TcMsimical Ufothods of Ora Analysis. ... 6vo. 3 00 

Miller's Manual of Assaying. .... .... ramo. t 00 

Mioet’s Production of Aiuminum and its Industrial 0 se. (Waldo.). iamo. ? SO 

O'Driscoli's If6te8 on the Treatment of Gold Oree. Bvo, 00 

Ricketts and Miller's Itotes on Assaying. . 8yo, 3 00 

Ik>bine and Lenglen|| Cyanide Industry. <.Le Clerc.). iyvt>, 

Hike's Modem Electrolytic Copper Refining 8vo, 3 00 

Wilson's Cyanide Processes xarno. x 50 

Chlorination Process. xamo, x 50 

ASTROIfOMY. 

Comstock's Fieki Astronomy for Engineers 8vo, a 50 

Craig's Aiimuth. . 4to, 3 90 

Doolittle's Treatise on Practical Astronomy. 8vo, 4 00 

Gore’R Elements of Geodesy. ... 8vo, a 50 

Mayfor^'n Text-book of Geodetic Astronomy 8vo, 3 00 

R^nrimau's Etoments of Precise Surveying and Geodesy Bvo. 2 50 

♦ Michie and Marlow's Practical Astronomy. . 8vo, 3 00 

* While''f Eloments of Theoretical and Descriptive Astronomy xamo, a 00 


BOTAMY, 

Davenport *s Statistical Methods, with Special Reference to Biological Variation. 

sfimo, morocco, i as 


Thoxn<^ and Bennett's Structural and Phyidological Botany xfixno, a as 

Weateilnidlwr*s Compendium of GeiuMral Botany. (Schneider.). 8 vo, a 00 

CHEMISTRY. 

4 drfamce *4 Laboratory Cakulatlona and Specific Gimyity Xablaa. ....... xamo, x as 

Alien's Tahlm fm Irem Atmly^ Svo, j no 

Atiao|d*a ^dtnpandlum of Cheaslatry. (MendeL) .Smati Svo, 3 90 

Aiiaten'i Motes for Chemical Studenta — tamo, x so 

Bemddou'd Smoheleaa jPowder.*— RitnHcelhxiooe, axid theory of Mie Cellulose 

l^lscule .....lamoi » so 

* BroiSvtiliit'b Introduction to tixe Rarer Blementa. * «... ^Seo, i 50 



Sfaru»h Maoual of Dotenaiiuitive MmeralocgF* • ^o, 

Qaftatftatlvo Chemical Analysis by Eiectrolysia. (Boltanood.). .8yo> 

Cohn*s Indicators and Test-papers * zamo, 

Tests and Keasents, Sv^o, 

Craft8*B Short Course in Qualitative Chemical Analysis. (SChaefier.). . .lamo, 
I>olezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) zamo, 

Drechsel’s Chemical Reactions. (Merrill.) ismo, 

Duhem's Thefmodynamics and Chemistry. (Burgess.) 8vo, 

Eissler's Modem High Explosives 8vo» 

Effront’s Enzymes and their Applications. (Prescott.) Svo, 

Erdmann's Introduction to Chemical Preparations. CDunlaj>.) lamo, 

Fletcher's Practical Instructions in Quantitative Assa3ring with the Blowpipe. 

xzmo, morocco, 

Fowler's Sewage Works Analyses izmo, 

Fresenius's Iffanrial of Qualitative Chemical Analysis. (Wells.) 8vo, 

Mantial of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.) 8vo, 
System of Instruction in Quantitative Chemical Analysis. (Cohn.)' 

2 vols ... 8vo, 1 

Fuertes's Water and Public Health izmo, 

Furman’s Manual of Practical Assaying 8vo, 

• Getman's Exercises in Physical Chemistry izmo, 

Gill's Gas and Fuel Analysis for Engineers zzmo, 

Orotenfelt's Principles of Modern Dairy Practice. (Woll.') izmo, 

Hammarsten’s Text-book of Physiological Chemistry. (Mandel.). ..... .8vo, 

Helm’s Principles of Mathematical Chemistry. (Morgan.) izmo, 

Bering’s Ready Reference Tables (Conversion Factors). . . , i6mo, morocco, 
Hind’s Inorganic Chemistry . . .8vo, 

♦ Laboratory Manual for Students izmo, 

Holleman’s Text-book of Inorganic Chemistry. (Cooper.) 8vo, 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 

* Laboratory Manual of Organic Chemistry. (Walker.) izmo, 

Hopkins’s Oil-chemists’ Handbook 8vo, 

Jackson’s Directions for Laboratory Work in Physiological Chemistry. 8vo, 

Keep’s Cast Iron 8vo, 

Ladd’s Manual of Quantitative Chemical Analysis izmo, 

Landauer’s Spectrum Analysis. (Tingle.). ... 8vo, 

* Langworthy and Austen. The Occurrence of Aluminium in Vegetable 

Products, Animal Fhroducts, and Natural Waters 8vo, 

Lassar-Cohn’s Practical Urinary Analysis. (Lorenz.) izmo, 

Application of Some General Reactions to Investigations in Organic 

Chemistry. (Tingle.'). ... izmo, 

Leach’s The Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 

Lob’s Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 

Lodge’s Notes on Assaying and Metalluigical Laboratory Experiments. .. .8vo, 
Low's Technical Method of Ore Analysis. .... 8vo, 

Lunge's Techno-chemical Analysis. (Cohn. ) izmo, 

Mandel’s Handbonk for Bio-chemical Laboratory izmo, 

• Martin’s Laboratory Guide to QualiUtive Analysis with the Blowpipe. . izmo, 
Mason’s Water-supply. ^Considered Principally from a Sanitary Standpoint.) 

3d Edition, Rewritten 8vo, 

Examination of Water. (Chemical and Bacteriological.) izmo, 

Blatthew's The Textile Fibres. 8vo, 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.), .zzmo. 

Milter’s Manual of Assaying izmo, 

Mlnet's Production of Ahuninttm and its Industrial Use. (Waldo.). . . . zzmo, 

Mlxter's Elementary Text-hook of Chemistry zzmo. 

Morgen'! Elements of Physical Chemistry zamo, 

* Physical Chemlstary for Electrical Enginetam lamo. 
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3tor8e*B Calculftiiom nmd in CttD«Httic«r xtoo, mmwxo, 

Mttl!x]Kext*s Gexksral Xethod for the ld«xitijlk«tScm of Pure Organic Ccmipoiunde. 

Vot I. lAXgt droi 

O’Bdoe's Leboratorr Quid* bi Chemical Axtabmis. 8vo, 

O*l>riscoll*8 Votes oa the Treatment of Cold Ores »vo, 

0stwal4*s Coa^ersatloas oa Chemistry. Part Ooe. (Ramsey.) xamo^ 

“ “ ** Part Two. vTurnbuU.^) xamo, 

* Peaiield*s Notes ot« |>eters(Shkatitre Mioeraloffy and Reco rd of Kineral Teats. 

8vo^ paper, 

Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) Bvo. 

Pinner's Introduction to Organic Chemistry. (Austin.) isino, 

Poole's Cali,rific Power of Fuels 8ro, 

Prescott and Winslow’s Elements of Water Barterioiogy, with Spccml Refer- 
. ence to Sanitary Water Analysis xamo, 

* Reisig's Guide to Piece-dyeing 8vo, a 

Richards and Woodman's Air, Water, and Foe.* from a Sanitary Stand- 
point. . 8vo, 

Richards's Cost of Living as Modified by Sanitary Science xamo. 

Cost of Food, a Study in Dietaries tamo, 

* PiebardS and Williams's The Dietary Computer 8vo, 

Ricketts aad Russell’s Skeleton Notes upon Inorganic Chemistry. (Part I. 

Non -metallic Elements ) 8vo, morocco, 

Ricketts and Miller’s Notes on Assaying 8vo, 

Rideal’s Sewage and the Bacterial Punflication of Sewage 8vo, 

Disinfection and the Preservation of Food. . . 8vo, 

Riyg’b Elementary Manual for Uie Chemical Laboratory 8vo, 

Robine and Lenglew’s Cyanide Industry. (Lc Clerc.). ... 8vo, 

Rostoski’s Seryins Diaguoi^is. (Bolduan.) xamo, 

Ruddiman’fi incompatibilities in Prescriptions Svo, 

* Whys iti Pharmacy .... ramo, 

Sabin’s Industrial and Artistic Technology of Paints and Varnish Svo, 

Salkowski’s Physiological and Pathological Chemistry. (Orndorff.). . . . 8vo, 
Schimpf’s Text-book of Volumetric Analsrsls xamo, 

Essentials t-i Volumetric Analysis . xamo, 

* Qualitative Chemical Analysis. Svo, 

Spencer’.s Handbook for Chemists of Beet-sugar Houses i6mo, morocco, 

ll<iodbook for Cane Sugax Manufacturers i6mo, morocco, 

Slockbridge’s Rocks end Soils 8vo, 

* Tillman’s Elementary Lessons in Heat 8vo, 

* Descriptive General Chemistry Svo, 

Treadwell's Qualitative Analysis, ” (HaU.) Svo, 

Quantitative Analysis. (Hall.) ovo, 

Tumeaure and Russell's Public Water-supplies Svo, 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) xamo, 

Walke’s Lectures on Explosives -Svo, , 

Ware's Beet-sugar Manufacture and Refining . Small Svo, cloth, . 

Washington's Manual of the Chemical Anal3r8is of Rocks Svo, 

Waasermann's Immune Sera : Haemolysins, Cytotoxins, and Precipitlns. (Bol- 

dtton.). ixmo, : 

WolPs Laboratory Guide in Qualitative Chemical Analysis. Svo, ] 

Short Course Ixi Inorgamc Qualitative Chemical Analysis for Engineering 

Students, 5 I a mo, j 

Text-book of Chemical Arithmetic x jmo, i 

Whipple's Microscopy of Ddnking-wattr. Svo, j 

WUson's Cyanide Procesaes xamo, i 

Chlorixultion Process xamo, i 

Winton's Microscopy of Vegetable Foods 8vo, 'j 

WttBmg’s Elementary Course in Inorganic, Pharmaneutical, and Medical 

Chemistry 2 
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CIVIL ENOnfEERIITG. 


BRIDGES ARP ROOFS. HYDRAULICS. MATERIALS OF ERGIREERIRG, 
RAILWAY ERGIREERIRG. 


Baker *B Engineers* Sunreying Instruments lamo, 3 00 

Bixby*8 Graphical Computing Table Paper 19^ X Mi inches. as 

** Burr's Ancient and Modem Engineering and the Isthmian Canal (Postage* 

27 cehts additional.) 8vo, 350 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Davis's Elevation and Stadia Tables 8vo, i 00 

Elliott’s Engineering for Land Drainage ismo, 1 50 

Practical Farm Drainage ismo, x 00 

♦Fiebegcr's Treatise on Civil Engineering 8vo, 5 00 

FolwcU's Sewerage. (Designing and Maintenance.) 8vo, 300 

Freitag’s Architectmal Engineering, ad Edition, Rewritten 8vo, 3 50 

French and Ives's Stereo tom y • 8vo, 2 50 

Goodhue's Municipal Improvements lamo, 1 75 

Goodrich's Economic Disposal of Towns’ Refuse 8vo, 3 50 

Gore's Elemertts of Geodesy 8vo, 2 50 

Hayford's Text-book of Geodetic Astronomy ISvo, 3 00 

Bering’s Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50 

Howe’s Retaining Walls for Earth i2mo, i 25 

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 4 00 

Johnson’s (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 00 

Laplace’s Philosophical Essay on Probabilities. (Truscoxt and Emory.). i2mo, 2 00 
Mahan’s Treatise on Civil Engineering. (1873.) (Wood.; . . . 8vo, 500 

* Descriptive Geometry , .8vo, i 50 

Merriman’s Elements of Precise Surveying and Geodesy ‘^vo, 2 50 

Merriman and Brooks’s Handbook for Surveyors i6mo, morc^. ’ 00 

Nugent’s Plane Surveying 8vo, 3 5^ 

Ogden’s Sewer Design i2mo, 2 00 

Patton’s Treatise on Civil Engineering. ... ' 8vo half leather, 7 50 

Reed’s Topographical Drawing and Sketching 4to, 5 00 

Rideal’s Sewage and the Bacterial Purification of Sewage 8vo, 3 50 

Siebert and Biggin’s Modern Stone-cutting and Masonry 8vo, i 50 

Smith’s Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

Sonderickcr’s Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8 VO, 2 00 

Taylor and Thompson’s Treatise on Concrete, Plain and Reinforced. 8vo, 5 00 

* Trautwine’s Civil Engineer’s Pocket-book i6mo, morocco, 5 00 

Wait’s Engineering and Architectural Jurisiwudence 8vo, 6 00 

Sheep, 6 50 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts 8vo, 3 00 

Warren’s Stereotomy — Problems in Stone-cutting 8vo, 2 50 

Webb’s Problems in the Use and Adjustment of Engineering Instruments. 

lomo, morocco, i 25 

Wilson's Topographic Surveying 8vo, 3 50 


BRIDGES AND ROOFS, 

Boiler's Practical Treatise on the C^ostructioti of Iron Highway Bridget. .8vo, 2 00 

• Thames River Bridge. I>«per» 5 00 

Burr's Course on the Stresses In Bridges and Roof Tnmes, Arched Rihe, and 

Suspension Bridges. 8vo, 3 50 
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Burr ao<« FaSlc*a Influence Usee for Bridge en4 Hool Computetions. . .Svo» 3 

Design and Constmction of Uuteflic Bridgec ^Ito« $ 

l>u Bois*s Meclianics of Engineering. VoL U. . . Smafl 4to» ro 

Foefier's Tmtiae on Wooden Trestle Bridie 4to» 5 

Fbwler*s Ordinal y Foundations fl^o, 3 

6Te«ne*6 Roof Trusses. ®vn, 1 

Bridge Trusses 8so, a 

Arches in Wood, Don, and Stone .8vo* a 

Howe's Treatise on Arches . .8vo, 4 

Dwiign of Simple Roof>trus6e6 in Wood and S<ee« Sro» s 

Johnson, Bryan, and Tumeaure's Theory and Practice in the Designing of 

Modern Piamed Structures, Small 4to, ro 

Merriman and Jacoby'a Teat-book on Rooi^ i4nd Bridges: 

* Part I. Stresses in Simple Tmeses. flvo, a 

Part II- Graphic Statics 8vo, a 

Part III. Bridge Design 8vo, a 

Part IV. Higher Structures. . . . 8vo, a 

Morison's Memphis Bridge 4to» 10 

Waddell's De Pontibue. a Pocket-book for Bridge Ergineers . i6mo, morocco, a 

Spec^cations for Steel Trtdges lamo, x 

Wrighfs Designing of Draw-spans. Two parts in on« volume 8vo, 3 


HYDRAULICS. 

Bazin’s Erperimenb. upon the Contraction of the Liquid Vein Issuing frota 


an orifice. (^Trautwine. ) 8vo, a 

Bovey’s Treatise on Hydraulics - 8vo, 5 

Church’s Mechanics of Enginening. . . - 8 to, 6 

Diagrams of Meap Velocity of Water in Open Channels paper, x 

Hydraulic Motors. ... 8vo, a 

Coffin’s Grapli al Solution of Hydraulic Problems x6mo. morocco, 2 

Flather's Dynamometers, and the Measurement of Power xamo, 3 

Folwell’s Water-Fupply Engineering 8vo, 4 

FrizeU's Water-power. b/o, 5 

Fuenes’s Water and Public Health xamo, i 

Water-filtration Works. .... lamo, 3 

GanguiUet and Kutter's General Formula for the Uniform Flow of Water in 

River and Other Channels. (Bering and Trautwine.). , . 8vo, 4 

Hazen's Filtration of Public Water-supply. . Svo. 3 

Hazlehurst’s Towers and Tanks for Water-works 8vo, a 

Herschers 115 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 

Mason’s Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 

Merrtman’s Treatise on Hydraulics ftvo, % 

* Michie's Elements of Anal5rtical Mechanics flvo, 4 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 

supply. . . . Large flvo, 5 

Thomas and Watt's Improvement of Rivers. (Post , 44c. additional. ; 4to, 6 

Turneaure and Russell's Public Water-supplies. flvo, s 

Wegmaim's Design and Construction of Dams 4to, 5 

Water-supply of the City of Hew Tork from 1658 to 1895 4to, 10 

WiUiama and Hazen's Hydraulic Tables 8vo, i 

Wilsou’s Irrigation Engineering Small flvo, 4 

Wolff's Windmill as a Prime Mover flvo, 3 

Wood's Turbines. flvo, a 

Elements of Analytical Mechanics. .flvo, 3 
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MATERIALS OF EHOIREERIirG. 




Treatise on Masonry Ck>n8tnietion« ^ . .Syo, 

Roads and Pavements r#yo« 5 

Black*# United States Public Works ObkmiT 4to« 5 

* Bovey's Strength of Materials and Tlieory of Structures ,Svo, 7 

Bdurr*8 Elasticity and Resistance of the Materials of EnginMrinn^ Svo* 7 

Byrne's Hicbway Construction 8yp, 5 

InsjHKiicn^of the Ifiaterials and Workmanship Employed in Construction. 

i6mo, 3 

Church’s Mechanics of Ensine^dn^ Svo, 6 

Du Bois’s Mechanics of Engineerins. VoL I Small 4*0, 7 

•Eckel’s Cements^ Limes, and Plasters Svo, 6 

Johnson’s Materials of Construction Large 8vo, 6 

Fowler’s Ordinary Foundations 8vo, 3 

* Greene’s Structural Mechanics 8vo, a 

Keep's Cast Iron Svo, 2 

Lanza’s Applied Mechanics 8yo, 7 

Marten’s Handbook on Testing Materials. (Henning.) 2 vote 8vo, 7 

Maurer’s Technical Mechanics 8vo, 4 

Merrill’s Stones for Building and Decoration 8vo, s 

Merriman’s Mechanics of Materials 8vo, 5 

Strength of Materials lamo, i 

Metcalf’s Steel. A Manual for Steel-users lamo, 2 

Patton’s Practical Treatise on Foundations 8vo, 5 

Richardson’s Modern Asphalt Pavements 8vo, 3 

Richey’s Handbook for Superintendents of Construction M6mo, mor., 4 

Rockwell’s Roads and Pavements in France ^ xzmo, x 

Babio’s Industrial and Artistic Technology of Paints and Varnish 8vo, 3 

Smith’s Materials of Machines zamo, z 

Snow’s Principal Species of Wood 8vo, 3 

Spalding’s Hydraulic Cement .• xamo, a 

Text-book on Roads and Pavements. . . . lamo, a 

Taylor and Thompson’s Treatise on Concrete, Plain and Reinforced 8vo, 5 

ThuT'iton’a Materials of Engineering. 3 Parts 8vo, 8 

Part I. Non-metaUic Materials of Engineering and Metallurgy 8vo, a 

Part II. Iron and Steel *. 8vo, 3 

Part HI. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Cozistituents 8vo, a 

Thurston’s Text-book of the Materials of Construction 8vo, 5 

'Tilteon’s Street Pavements and Paving Materials 8vo, 4 

Waddell’s De Pontibus. (A Pocket-book for Bridge Engineers.) . . x6mo, mor., 3 

Specifications for Steel Bridges lamo, z 

Wood’s (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, a 

Wood’s (De V.) Elements of Analytical Mechanics 8vo, 3 

Wood’s (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 


RAILWAY ENGINEERING, 


Andrew’s Handbook for Street Railway Engineers 3x5 iAchea, morocco, x 

Berg’s Buildings and Structures of American Railroads 4to, 5 

Brook’s Handbook of Street Railroad Location x6mo, morocco, z 

Butt’s Civil Engineer’s Field-book 1 x6ino> morocco, , a 

Crandall’s Transition Curve x6mo, morocco, z 

Railway and Other Earthwork Tables. .8eo, z 


XMwson’s ’’Ezkgineexiaf** and Blectric Traction Pocfcet*book. . x6mo, morocco* 5 

8 
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• 

HUtojrj tiM> Peanvyirmtti* lUikMitf : (xllt9) > > * • ^Pmpw, 5 

* l>riidc«r*a Cwtup^ttaOti^ Atttf libodc l>rUlt. 4 t«^ tHilf ia«r.^ AS 

^tii«r*8 Table of Coble Yar4a OurdboaH, 

ISunlertn^ RaUroad Encfo«c«a* lPteM>book and BaftoriNni* Guide, . . tdmo, mar.* 'a 

BoarardV Timxultio& Curva Hebb-book. tdsno* morocea. i 

Hud»eti% Tablea for Cakulatiiiir the C^ibic Co>Ataoti of Sacavationt aad Bm* 

baukmeots. 8vo, x 

Molitor and Baard'a Maaiial for Raaident Sxisit«aaar». tdxno* ^ 

lfairle*» Field Mentml for Railroed Enisloeexa t6mo* xi^procco* 3 

FbUbncilir** Field Manual for Eiofineefs. xdmo* morocco* 3 

Searles*e Field Ensioeering xflmo. moroeCOr 3 

Railroad ^Hral i6mo, moiocco* i 

Taylor** Fricmoidml Formulae and EarUxWork Byo* i 

* l^utwtne'e Method of Calcutatlng Cube Contenta of ExciivatioaB and 

Embankments by the Aid of Biairanis 8vo, a 

The Field Practice of X*aylng Out Circular Cu* vea for Raibroada. 


xamo, morocco, a 


CroMftHMction Sheet Paper* 

Webb*8 Railroad Construction i6mo, morocco* 5 

FTeUiiigton** Economic Theonr of the Location of Ratlwaya Small 8ro. 5 


DRAWING. 


Barr** Kinematic* of Machinery 8ro» 

♦ Bartlett** Mechanical Drawing 8vo, 

^ “• “ Abridged Ed 8vo 

Coolidge’s Maflual of Drawing 8vo, paper 

CooUdge and Freeman's Elements of General Drafting for Mechanical Engl* 

neer* Obkmg 4 to, 

Ihtrley** Kinematics of Machines 8vo, 

Bmch'i Introduction to Projective Geometry and its AppUcationa. 8vo. 

Bill** Text'boclt on Shades and Shadow#* and Perspective . . .8vo, 

lamxson'f Elements of Mechanical Drawing 8 to* 

Advanced Mechanical Drawing 8vo. 

Jones's Machine Design: 

Part I. Kinematics of Machinery^ 8vo, 

Pat n. Form* Strength* and Proportion* of Part* 8vo, 

MacCord's Elements of Descriptive Geometry 8vo* 

Kinematic - 1 ; or* Practical Mechanism 8vo, 

Mechanical Drawing 4 to, 

Vek>city Diagrams 8 vo, 

MacLeod** Descriptive Geometry Small 8vo, 

* Mahan’s Descriptive Geometry and Stone-cutting 8vo. 

Industrial Drawing. '"Thompson.) 8vo, 

Mhyer*s Descriptiye Geometry giro. 

3Reed*s Topographical Drawing and Sketching 4 to* 

Reid** Course in Mechanical Drawing Svo, 

Teart-book of Mechanical Drawing and Elementary Machine Design . Svo. 

Robinson's Principles of Mechanism. 8vo* 

Schwamb and Merrill's Elements of Mechanism.^ 8vo, 

Bmith's (R. S.) Manual of Topographical Drawing. (McMillan.) Svo, 

telth (A. W.) and Mart** Machine Design . Svo. 

Warren’s Bleinents of Plane and Solid Free-hand Geometrical Drawing. lamo* 

Drafting Instruments and Operations lamo* 

Manual of Elementary Projection Drawing ramo* 

of Elementary ProbJems in the Linear Perspectfre of Form and 

Shadow * laroo, 

Pkuie Problems in Elementary Geometry^. xamo, 

ft 
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• 

■Wajrxett'i "Primary Geometry lamo^ 

Elements of Pesctiptlve Geometry* Shadows, and Perspective 8to, 

General Problems of Shades and Shadows Svo, 

Elements of Machine Coiiatruction and Drawlnc « .8to, 

Problems^ Theorems, and Examples in DescriptiTe Geometry 8vo, 

Weisbach^s Kinematics and Power of Transmission. (Hermann and 

Klein.),.. 8vo, 

Whelpley*s Practical Instruction in the Art of Letter Entpaving lamo, 

Wilson's (H. fL) Topographic Surveying 8vo, 

Wilson's (V. T.) Free-hand Perspective 8vo, 

Wilson's (V- T.) Free-hand Lettering 8vo, 

Woolf’s Elementary Course in Descriptive Geometry Large 8vo, 


ELECTRICITY AND PHYSICS, 

Anthony and Brackett's Text-book of Physics. (Mogie.) Small 8vo, 

Anthony's Lecture-notes on the Theory of Electrical Measurements. . . .ixmo, 

Benjamin's History of Electricity 8vo, 

Voltaic Celt Svo, 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.),8vo, 

Crehore and Squier’s Polarizing Photo-chronograph Svo, 

Dawson’s “Engineering" and Electric Traction Pocket-book i6mo, morocco, 
Dolezalek’s Theory of the Lead Accumulator (Storage Battery), (Von 

Endc.) i2mo, 

Duhem’s Thermodynamics and Chemistry. (Burgess.) Svo, 

Flather's Dynamometers, and the Measurement of Power .i2mo, 

Gilbert’s De Magnete. (Mottelay.) * Svo, 

Hanchett’s Alternating Currents Explained. ... i2mo, 

Bering’s Ready Reference Tables (Conversion Factors) i6mo, morocco, 

Holman’s Precision of Measurements Svo, 

Telescopic Mirror-scale Method, Adjustments, and Tests . . .Large Svo, 

Xinzbrunncr’a Testing of Continuous-current Machines Svo, 

Landauer’s Spectrum Analysis. (Tingle.), f . .: Svo, 

Le Chatelier s High-temperature Measurements. (Boudouard — Burgess.) i2mo. 
Lob's Electrochemistry of Organic Compounds. (Lorenz.) Svo, 

♦ Lyons'* Treatise on Electromagnetic Phenomena. Vols. I. and 11. Svo, each, 

♦ Mlchie’s Elements of Wave Motion Relating to Sound and Light Svo, 

Niaudet's Elementary Treatise on Electric Batteries, (Fishback.) x2mo, 

* Rosenberg’s Electrical Engineering. (Haldane Gee — Kinzbrunner.), . .Svo, 

Ryan, Norris, and Hoxie’s Electrical Machinery. Vol. I Svo, 

Thurston's Stationary Steam-engines Svo, 

* Tillman’s Elementary Lessons in Heat Svo, 

Tory and Pitcher’s Manual of Laboratory Phsrsics Small Svo, 

Hike's Modern Electrolytic Copper Refining Svo, 


LAW. 


* Davis's Elements of Law .Syo, 

* . Treatise on the Military Law of United States Svo, 

* Sheep, 

Manual for Courts-martial x6mo, morocco, 

Walt's Engineering and Architectural Jurisprudence Svo, 

Sheep, 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture Svo 

Sheep, 

Law of Contracts. .8vo, 


Wintitmp's Abridgment of Military Law. , . . 

10 
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MAROTACTURBS. 


B«ni»do^^ Smo k i tw Powdf — lfitro >c el h ik)«» axuI tlwory ot th» CftttuloM 


Volocitle lamo, m 

BoUu»d*9Xroa FmuOar.. raiuo, i 

** Tlie Iron Foundar/* SktpiOoment . , * ‘ iiikio, a 

Encf^podin of Founding nnd Dictionary ol Foundry Termc UomI in tli« 

Fractico of llouldittg> lattm* s 

£ii»lef*i Vodern High Explosivea. .* 4 

Effront*t Enzymes and their Applicatloiui. (Frescott. ,. * . , . ^ . . 9 vc, $ 

^ittgeralrf*8 Doeton Machinist xamo, t 

Ford's Boiler Making for Boiler Makers. xilmo* x 

Hopkin's OilHcheinists* Handbook. .hro^ 3 

Keep's Cast Iron. 8vo, 3 

Leach's The Inspection and Analysis dl Food with r^ecial Reference to State 

Control. Large 8eo, 7 

Matthews's The Textile Fibres. 8vo, 3 

Metcalf's Steel. A Manual for SteeLusers. X 3 mo» a 

Metr alfe's Cost of Manufactures — And the AdminUtrmUc n of Workshops . 8vo, 5 

Meyer's Modem Locomotive Construction. 4to» 10 

Morse's Calculations used in Cane-sugar Factories x6mo» morocco, x 

* Reisig's Guide to Piece-dyeing 8vo, 35 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 

Smith’s Press-working of Metals 8vo, 3 

Spalding's Hydraulic Cement . xamo, 3 

Spencer’s Handbook f^r Chemists of Beet-sugar Houses. . . . x6mo, morocco, 3 

Handbook Cane Sugar Manufacturers. i6mo. morocco, 3 

Taylor and Thompson’s Treatise on Concrete, Plain and Reinforced 8vo, S 

Thurston’s Max ual of Steam-boilen, their Designs, Construction and Opera- 
tion 8vo, 5 

* Watke’s I.^ctures on Explosives 8vo. 4 

Ware’s Beet-sugar Mantifacture and Refining Small 8vo, 4 

West’s American t oundry Practice .i 3 mo, 3 

Moulder’s Text-book xamo, 2 

Wolff’s Windmill as a Prime Mover 8vo, 3 


Wood’s Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. . 8vo, 4 


MATHEMATICS. . 


Baker’s Elliptic Functions. 8vo, 

* Bass's Elements of Differential Calculus x3mo, 

Briggs's Elements of Plane Analytic Geometry ximo, 

Compton's Manual of Logarithmic Computations xamo, 

Davis’s Introduction to the Logic of Algebra 8vo, 

* Dickson’s College Algebra Large lamo, 

* Introduction to the Theory of Algebraic Equations l^irge xamo, 

Emch’s Introduction to Projective Geometry and its Applications 8vo, 

Hahted's Bleraents of Geometry 8vo, 1 

Blemetthiry Synthetic Geometry. Bvo, r 

Rational Geometry tamo, i 


* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size. paper, 

zoo copies for 5 

• Mounted on heavy cardboard, 8 X 10 inches. 

10 copies for a 

Johnson's (W. W.) Elementary Treatise on Differential Cakuhis Small 8yo, 3 
Johnson's (W. W.) EtomeaUry Treatise on the Integral Calculus. SmaU 8vo, i 

11 
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(W. W.) Curve Traciucr In C«rte«i«n CKMurdinutea* iinio» x oo 

JobnBon*9 (W, W.) Treatise on Ordinary and Partial Dtffarential Equations. 

Small &V0, 3 go 

Jdlinaon's <W. W.) Theory of Errors and the Method of Least Sqtuures.vsAK). x 50 

* Johnson's {W. W.) Theoretical Mechanics .Ximo, 3 

Xaplace's Philosophical Essay on Probabilities. (Truscott and Etnory. ) . i smo^ a 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Oth<»r 

Tables. .$vo, 3 

Trigonoasetry and Tables published separately Eacht a 

* Ludlow's Logarithmic and Trigonometric Tables 8vo» t 

Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward. Octavo, each i 

No. X. History of Modern Mathexnatlcs, by David Eugene Smith. 

No. a. 8]mthetic Projective Geometry, by George Bruce Halsted. • 

No. 3, Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. B3rerly. No. 6. Grassmann^s Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Axial3n5i8 and Quaternions, 

. by Alexander Macfarlane. No. p. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solutisn of Equations, * 
byi Mansfield Merriman. No. ii. Functions of a Complex Variable, 


by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 

Merriman and Woodward's Higher Mathematics 8vo, 5 

Merriman's Metlmd of Least Squares 8vo, 2 

Rice and Johnson's Elementary Treatise on the Differential Calcfilus. . Sm. 8vo, 3 

Differential and Integral Calculus. 2 vols. In one Sloall 8vo, 2 

Wood’s Elements of Co-ordinate Geometry. . 8vo, 2 

Trigonometry: Analytical, Plane, and Spherical lamo, i 


MECHANICAL ENGINEERING. 


MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon’s Forge Practice x2mo, 

Baldwin’s Steam Heating for Buildings xamo, 

Barr’s Kinematics of Machinery 8vo, 

♦ Bartlett’s Mechanical Drawings 8vo, 

• ** “ “ Abridged Ed 8vo, x 

Benjamin's Wrinkles and Recipes xxmo, 2 

Carpenter's Experimental Engineering Svo, 6 

Heating and Ventilating Buildings Svo, 4 

Cary’s Smoke Suppression in Plants ttsing Bituminous Coai (In Prepara- 
tion.) 

Clerk’s Gas and Oil Engine Small 8vo, 4 

Coolidge's Manual of Drawing Svo, paper, i 

Coolidge and Freeman’s Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, a 

Cromwell's TreatiBe on Toothed Gearing xamo, 1 

TreatUw on Betts and Pulleys. xamo, x 

Durley’s Kinematics of Machines Svo, 4 

Flather’s Dyaansonieters and the Meaaurezxient of Power. xamo, 3 

Rope Driving xamo, a 

OiO’s Gas and Fuel Analyfiia lor Engineers xamo, x as 

Ball's Car Lubricatioii, lamo, x 00 

Bering's Ready Reference Xabtee (Conver^n Factors). ..... xfimo, morocco, a 50 

IB 
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JiuXk2«iMft% ll«c|UE«^aibl « 

JionetiB lINuolUiii* I>f«i«ii: 

I*«rt2« iCIiKwmticii «f Hachhuery fivo, & 

V*ti H. fono* 8tr«n|tth. and Proportioiis of Pam, . . .ftao» 3 

i:oat*8 Mocimttical Sni^xteofa* Pockot^lM^ t6mo» ntotoeeo, s 

Karr's Pomf and Powme Traasmission. Svo. a 

liootiaHPl Iftebifto Slio|», Toals, and Xetl«ods ^ 

^]^0iajD2%lIodamlUfri«^mtl]if Mach^ <Pope»Haaea« andl>aaii.> allvd» 4 

||aoCor#k TCinamatics; or* Practical MachanlBm ^ . 8 yo» $ 

Xtadtundcat Drawing. % 4to, 4 

Vkidaitr PUgrams. 8 yo» i 

MacPartSaod's StanWd Reduction Tactoim if*r Oases. 8vo. i 

]|akan*8 Industrial thawing. (Tbotnpacm*) ..... 8 to, 3 

Poole's Calonfic Powoi of Paels 8vo, 3 

Reid's Cottrae in Mecbanical Ilrawlnft. 8vo» 2 

T'cxl^liook of Mechanical Drawing and 'Slemeotarf Machine Desifn . 8vo, 3 

Richard's Compressed Air ismo, x 

^Robinson's Principles of Mechanism 8vo^ 3 

8cl.wamb and Merrill's Elements of Mechanism 8vo» 3 

SnoJth's (O. ) Press- working of Metala , . 8vo, 3 

Smith (A. W.) and Marx's Machine Design. 8vo, 3 

Thurston's Treatise on Friction and lost Work in Machinery and Mill 

Work. 8vo^ 3 

Animal as a Machine and Prime Motor, and the X^aws of Energetics . tamo, i 

Warren's Elements of Machine Construction and Drawing 8vo» 7 

W%jsbach*8 Kinematbrii and the Power of Transmission. (Herrmann — 

Klein. 4. 8vo, 5 


Machinery of Transmission and Oovemori. (Herrmann — Klelii.) 8vo> 5 


WoMTs Windmill as a Prime Mover. 


8vo, 3 


Wood's Tuihines. 


6vo> a 


BHATERIALS OF ENGINEERING. 


f Bovry^s Strength of Materials and Theory of Structures 8vo, 7 

Buff's iOastidity and Resistance of the Materials of Engineering. 6th Edition. 

Reset 8 VO. 7 

Church's Mechanics of Engineering 8vo, 6 

* Greene's Structural Mechanics 0/0. 2 

Johnson's Materiate of Coostraction 8vo. 6 

Keep's Cast Don. .... • 8vo, a 

Lanxa'e Applied Mechanics. 8vo. 7 

Maitcstfi's Handbook on Testing Materials. (Henning.) 8vo. 7 

Maurer's Technical Mechanics. ... Sto. 4 

Ideftiman'a Mechanics of Materials 8vo. 5 

Strength of Materials . lamo, 7 

Mstealfs Steel A manual for Steel-users lamo, a 

Sabhi's Industrial and Artistic Technology of Paints and Varnish 8vo. 3 

Smith’s Materials of Machines xamo. i 

Ihtunstoo'e Materials of Engineering 3 rols.. 8 to. 8 

Part U, Iron and Steel 8vo, 3 

Part ZH. A Treatiae on B ras se s . Bronzes, and Other Alloys and their 

CoostitiMmts. ftvo, a 50 

Text-book of the Materials of Coostniction. Svo, 5 00 

Wood's (De V.) Treatise on the Reeistance of Materials and an Appendix on 

Oie Preservation of Timber * ,8vo, a 00 
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• 

4 Wood's (l^e V.) Elements of Analytic*! Mechaniwi, Bto» 3 o 

Wood's <M. P.) Rustless Coatings; Corrosion and Electrolysis of Iron and 

SteeL .Syo» 4 o 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram zamo* i S] 

Camot% Ejections on the Motive Power of Heat. (Thurston.) zamo* i 51 

Dawson's "Engineering" and Electric Traction Pocket-book. . xdmo, mor., 5 04 

Ford's Boiler Making for Boiler Makers iBmo» i Oi 

Goss's Locomotive Sparks Bvo, 2 o< 

Hemenway's Indicator Practice and Steam-engine Economy. . . iznu>» 2 o< 

Hutton's Mechanical Engineering of Power Plants. Bvo, 5 o< 

Heat and Heat-engines Bvo, 5 o< 

Kent's Steam boiler Economy Bvo, 4 oc 

Kneass's Practice and Theory of the Injector 8vo, i sc 

MacCord's Slide-valves Bvo, 2 oc 

Meyer’s Modern Locomotive Construction .4to, 10 oc 

Peabody's Manual of the Steam-engine Indicator xamo, i sc 

Tables of the Properties of Saturated Steam and Other Vapors Bvo, i oc 

Thermodynamics of the Steam-engine and Other Heat-engines Bvo, 5 oc 

Valve-gears for Steam-engines Bvo, 2 50 

Peabody and Miller's Steam-boilers Bvo, 4 00 

Pray’s Twenty Years with the Indicator Large Bvo, 2 50 

Pupin’s Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) izmo, x 25 

Reagan's Locomotives: Simple Compound, and Electric e...i2mo, 2 50 

Rontgen's Principles of Thermodynamics. (Du Bois.) Bvo, 5 00 

Sinclair's Locomotive Engine Running and Management i2mo, 2 00 

Smart's Handbook of Engineering Laboratory Practice X2mo, 2 50 

Snow’s Steam-boiler Practice Bvo, 3 00 

Spangler’s Valve-gears Bvo, 2 50 

Notes on Thermodynamics. . . . X2mo, i 00 

Spangler, Greene, and Marshall’s Elements of Steam-engineering Bvo, 3 qo 

Thurston’s Handy Tables Bvo, 1 50 

Manual of the Steam-engine 2 vol8.,8vo, ro 00 

‘ Part I. History, Structure, and Theory Bvo, 6 00 

Part II. Design, Construction, and Operation Bvo, 6 00 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake Bvo, 5 00 

Stationary Steam-engines Bvo, 2 50 

Steam-boiler Explosions in Theory and in Practice lamo, 1 50 

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo, 5 00 

Weisbach’s Heat, Steam, and Steam-engines. (Du Bois.) Bvo, 500 

Whitham’s Steam-engine Design Bvo, 5 00 

Wilson’s Treatise on Steam-boilers, (Flather.) i6mo, a 50 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .Bvo, 4 00 

MECHANICS AND MACHINERY. 

Barr's Kinematics of Machinery Bvo, 3 50 

• Bovey’s Strength of Materials and Theory of Structures .Bvo, 7 50 

Chase's The Art of Pattern-making lamo, 2 50 

Church's Mechanics of Engineering Bvo, 6 00 

Notes and Examples in Mechanics Bvo, 2 00 

Compton’s First Lessons in Metal-working .xamo, x 

Compton and De Oroodt's The Speed Lathe larno. i 5a 

14 



Cvoi&well*8 Tr«atiM on Toothed Oonxinc. . . * 

Treattee on Behs and PnUe^ra !!!!'!!..!... lamo 

Dana’s T«*t-hook ol Etemantary Mechanics for CoUft«ei« and Wbools! lamo! 

IHnsey’s Machine Pattern Making lamo, 

Dredee’s Record of the Transiwrtatioa Exhibits Building of the World’s* 

Columbian Exposition of 1893 4to half morocco, 

Du Bois’s Elementary Principles of Mechanics ' 

Vol. 1 . ICinematica. g^o 

VoL n. Statics. *Svo! 

Mechanics of Engineering. Vol. I Small Ato! 

VoL U. ' : ’ Small 4to! 

Durley’s Kinematics of Machines 

Fitzgerald^s Boston Machinist ibmo, 

Flatlwr’s Dynamometers, and the Measurement of Power saoto, 

Rope Driving lamo. 

Gobs’s L^'^omotive Sparks 

♦ Greece's Structural Mechanics gvo. 

Hall’s Car Lubrication lamo, 

Jffoily’s Art of Saw Filing iSmo, 

James’s Kinematics of a Point and the Rational Mechan'es of a Particle. 


Small 8vo, 


* Johnson’s (W. W.) Theoretical Mechanics lamo, 

Johnson’s (L. J.) Statics hy Graphic and Algebraic" Methods Hvo, 

Jones’s Machine Design : 

Part I. Kinematics of Machinery. 6vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

Kasr's Power and Pov^r Transmission. . 8vo, 

Lanza’s Applied ^echaiucs, 8vo, 

Leonard’s Machine Shop. Tools, and Methods 8vo, 

* Lorenz’s Mocl^jm Refrigerating Machinery. (Pope, Haven, and Dean.) 8vo, 

MacCord’s Kinematics; or, Practical Mechanism 8vo, 

Velocity Diagrams. ... ... 8vo, 

Maurer’s Technical Mechanics. . Hvo, 

Merriraan'R Mechanics of Materials 8vo, 

* Elements of Mechanics. izmo, 

* ifeichie’s Elements of Analytical Mechanics 8vo, 

Reagan’s Locomotives; Simple, Compound, and Electric jzmo, 

Reid's ( in Mechanical Drawing . , , 8vo, 

Text book of Mechanical Drawing and Elementary Machine Design 8vo, 

Richards’s Compressed Air. lamo, 

Robinson’s Principles of Mechanism. . 8vo, 

Ryan, Norris, and Hoxie’s Electrical Machinery. Vol, I. C , 

Schwamb and Merrill’s Elements of Mechanism. . . Kvo, 

Sinclair’s Locomotive-engine Running and Management lamo. 

Smith’s (O - 5 Press-working of Metals . .8vo, 

Smith’s (A. W.) Materials of Machines ramo. 

Smith (A, W.) and Marx’s Machine Design, , . .... 8vo, 

Spangler, Greene, and Morfehah's Elements of Steam -engineering 8vo, 

Thurston’s Treatise on Friction and Los^ Woric In Machinery and Mili 
Work Hvo, 


Animal as a Machine and Prime Motor, and tbe Lawc of Energetics. 


13X00, 


Warren’s Elements of Machine Construction and Drawing 8vo, 

• Weisbach’s Kinematics and Power of Transmission. (Hcrrmaun—IUeinJ.Svo, 
Machinery of TranaminBion and OovemorB. (Berttnaun — Klein.). 8vo, 

Wood’s Elements of Analytical Hechaoics 8ro, 

Principles of Elenaentary Mecbenica. ramo. 

Turbines. * • 

The World’s Colombian Exposdtion of 1893 ... 4to, 
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ICBTALl^m^Yi 


Bi^teiiton's HetaUttrgy of 8i1yer» Gold, *nd Mercury: 

VoL I. Sihrer ^..8vo, 7 

VoL II. Gold and Mercury . ^ . .8Td, 7 

Ilea's Lead-amelting. (Postage g cents addItlonaL). . isaio, a 

Keep's Cast Iron ,8vo, 2 

Knnliardt's Practice of Ore Dressing in Europe 8voi x 

Le C hateUdr*s Higb-temperature Measurements. ( Boudeuard — Burgess. ) i sino . 3 

Metcalf's Steel A Manual for Steel-users. . xamo, 3 

Minet's Production of Aluminum and its Industrial Uae. (Waldo.). . . . lamo* a 

Robine and Lenglen^s Cyanide Industry. (Le Clcrc.). 8to, 

Smith's Materials of Machines lamo, 1 

Thurston's Materials of Engineering. In Three Parts. .8vo, S 

Part H. Iron and Steel 8vo, 3 

Part m. A Treatise on Brasses. Bronzes, and Other Alloys and their 

Constituents 8vo , 2 

Dike's Modem Electrolytic Copper Refining 7 8voi« 3 


MINERALOGY. 


Barringer's Description of Minerals of Commercial Value. Oblong, morocco. 


Boyd’s Resources of Southwest Virginia. . . 8vo, 

Map of Southwest Virignia. , , , .Pocket-book form. 

Brush’s liftanual of Determinative Mineralogry. (Penfield.) 8vo, 

Chester's Catalogue of Minerals sSvo, paper, 

Cloth, 

Dictionary of the Names of Minerals , 8vo, 

Dana’s System of Mineralogy. . . Large 8vo, half leather. 

First Appendix to Dana’s New “ System of Mineralogy.” .... Large 8vo, 

Text-book of Mineralogy 8vo, 

Minerals and How to Study Them izmo. 

Catalogue of American Localities of Minerals Large 8to, 

Manual of Mineralogy and Petrography lamo, 

Douglas's Untechnical Addresses on Technical Subjects xamo, 

Eakle's Mineral Tables. 8vo, 

Egleston's Catalogue of Minerals and Synon3nm8, 8vo, 

Hussak’s The Determination of Rock-forming Minerals. (Smith.) .Small 8vo, 
Merrill’s Non-metalllc Minerals: Their Occurrence and Uses 8vo, 


^ Penfield 's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8 vo, paper, 

Rosenbusch's Microscopical Physiography of the Rock-making Minerals. 


(Iddings.), 


8 vo, 


* Tillman's Text-book of Important Minerals and Rocks. 


,8to. 


MININO. 


Beard's Ventilation of Mines. x9i&o, ' 2 

Boyd's Resources of Southwest Virginia. 3 

Map of Southwest Virginia. • . ; i . , w . 7 Pocket-book form a 

Douglas's Untechnical AMtemm on Technical « <* xzxxus. x 

* Drinkei^ Tunnelingt BtploaWe Compounds, «a 4 lUi^ Millli. .4to,hLiiicir., 95 
Sitskr'B Modem High Xxidosioes. Bta 4 
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llMff twiii- ^d hM rttto y^ <Pie«|«ca ^ •ddltlosaL)^ « . . « .xju»»» s 

Kimhttrdif** I’xmctk* of Oft iMmiac la Ewmim ^ « . . * * . ^ . .3if0* t 

O*l>ri8C0ir« Kot«s on th* fraatxnattt of CMi Dtoi. *8wi», » 

Robitto and L«itsl«n% Cyfuild« Industnr, (Lo Clwr<t,>, Bvo» 

* Walkers Ixoctorefl on E*i»b»iveg ,8iro, 4. 

Wilson's Orutiido Processes. . r t*«l. . x^iw^ x 

CbkirIniLtion Proces*. xiino« % 

Hydnusbc and Placer Miainf ttvcvo^ a 

Treatise on Practical and Theoretical Mine VentiM^on. tamo, t 


SAIfITARY SCIENCE, 


BR»H<n«'s)|^nltat!on of a Cottat^ House xanto, 

iDesian^inif, CkmfdiucSon, ainl Main^e^^ .....Svo, 

Water>-liy 5 i»ly EHfincering * .8eo, 

^ ' Pu€rtes*8 Watei; and PubHc Health. . . iamo« 

^ Water -filtri^oa Works, . xatno, 

Gerhard’s to flanltary House-lnepection idrio, 

Goodrich’s Economic Disposal of Town's Refuse Demp^iBeo, 

Hazen’s Filtration of Public Water -suppEes /vfhrO, 

I^ea^h'u The Inspection and Anal 3 rsis of Food with Special Reference to SVshi 

Control V . . . f . 8vo^ 

Mason’s Water*^u|»pty. (Considered principally from a Sanitary Standpoint} Svo, 

Examination of Water. (Chemical and Bacteriological.) t2mo» 

Ogden’s Sewer Design rzmo. 

Prescott and Winslow’s Elements of Water Bacteriology, witli Special Refer- 
ence to Sanitary Water Analysis lamo, 

* Price’s Handbook <^n Sanitation. . . ramo, 

Richards’s Cost ot Food. A Study in bietaries lamo, 

* Cost of Living as Modified by Sanitary Science ramo, 

Richards and Woodman»6 Air, Water, and Food from a Sanitary SUnd- 

^^^Lhardb and Williams's The Dietary Computer Rvo, 

Sewage and Bacterial Purification of Sewage 8vo, 

and Russ^eirs Public Water-supplies. 8vo, 

^^njl^udUig's Suppression of Tuberculosis. (Bolduan.) . xam 

ynHpjpv^icroscOpy of Drinking-water 8vo, 

Microscopy of Vegetable Foods. 8vo, 

wSmESs Note® on Military Hygieucu x6mo, 


MISCELLANEOUS, 
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X>e Fursac'a Manual of Pvychialry. (Roaanoff and Collins.) Large tamo, 1 

BxnnixKU’e Oebtogical Guide-book of the Rocky Mountain Exeuniioix of th# 

Inienuttional Congress of Geologists. Large 8yo, i 

ForreFa Popular Treatise on the Winds .®yo, 4 

Haines** Amertcaa Paihray Maaagemeot xanxo, a 

Mottos FgBacT «f the Present Theory of Sound x6m©* i 

Ricketts^ Histery of Renaeeleer Polytocitaic Institute, xSa4-x8p4, .Small Pro* j 

Rpstmfcl'siJerum XtiagnosU. <Bulduan.). xa^. x 

Itnthiirhhtii'a Exnphaeked Neet Teetan^rntt Latf* Sto, a 

It 
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mmmm Am chaldee text-bookb. 

V" , 

GsM*«Elti^etttaryB« 1 u«w xamo, t tn 

Bfiirew ChTtstonxstby. 8 vo^ 2 oo 

Bet^na’s Babrew «nd j^^icon to tibo Old Testaxnent Sec^pturea. ^ 

. 4... jM«JU4to»lut]l]]K>ro«oo, 5 00 

IrfCllBtla*! Bolmw Bible. Svo* 335 
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